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- 
TECP3ICAL PROGZSS, FISCAL AFFAIRS, OBSOLESCEXCE 

Ch.Sarthou e t  al. 

French tax s t ruc tu re  with respect t o  write-off f o r  s c i e n t i f i c  

research an,d development, patent  assignment and l i cens ing ,  

accelerated depreciat ion of equipment i s  described, with 

quotations from tax laws ana sa i i le  questionnaires t o  be 

coxpleted f o r  exerption. 

c a l  progress  on na t iona l  ecorlomy and world development i s  

discussed and projected.  

t i o n  and tangib le  r e s u l t s  of Govemrrtent-sponsored and p r i v a t e  

R & D, between US and European economists are debateci. 

Present and f u t u r e  *act of techni- 

Controversial  opinions on al loca-  

Ch. Sarthou 

One frequent ly  hears t h e  expression "cost of obsolescence:' def ine5 as 5eir  g 

l o s s e s  prociuced by t h e  obsolescence of product ive ecpipment i n  t h e  i n d u s t r i a l l y  

most developed countr ies .  

d u s t r i a l  obsolescence abol ishes  the  befiefi ts  of en te rp r i se  and t h e  resources of 

t h e  State?'. It i s  e n t i r e l y  n a t u r a l  that t h e  inva l ida t ion  of equipment, s t i l l  i n  

p e r f e c t  condition, i s  genera l ly  considered as a waste imposed by t h e  cons t r a in t s  

of a ridnous competition. 

The America Professor  Ikozowski s t a t e s  t h a t  ''in- 

However, obsolescerice i s  a necessaqy co r re l a t ive  of technica l  progres,s, of 

which EO one w i l l  denj. t h e  ultimate bexefi t .  

% Ijumbers i n  the margin ind ica t e  pagination i n  t h e  o r i g i n a l  fore ign  text.  

Thus, a d e f i n i t e  ir ,compatibil i ty 



e x i s t s  between t h e  b e l i e f  t h a t  tec'hnical progress  i s  t h e  motive power of  economic 

progress  and the  f ee l ing  t h a t  t h e  "cost of obsolescence'? leads t o  t h e  r u i n  of 

both en te rp r i se s  and State .  

The objec t  of this par t icu- la r  report  i s  t o  remove t h i s  apparent contradic- 

t i o n  and t o  demonstrate t h a t  t h e  reduction in l i f e  of t h e  equipment, as a conse- 

quence of t h e  acce lera t ion  of technica l  progress,  by no means reduces the  revenue 

of t h e  S ta te ,  of en terpr i ses ,  and of individuals  md t h a t ,  quite on the  con- 

trary, everyone would l o s e  i f  t h e  service l i f e  of t h e  equipment would be  pro- 

longed beyorid a c e r t a i n  poin t  a t  which t h e  t o t a l  production has reached i t s  

maximum volume. 

Taking exact ly  t h e  opposite viewpoint of %he general  f e e l i n g  with respec t  /2 
t o  t h e  term "obsolescence cost", we are much more inc l ined  t o  def ine  t h i s  type 

of  cos t  as t h e  l o s s  produced by maintaining c e r t a i n  equipment i n  se rv i ce  beyond 

t h e  above poin t .  

To come t o  this r e su l t ,  it was necessary t o  construct  a genera l  p r i c e  model 

which, ir, t h e  meantime, has permitted c l a r i f i c a t i o n  of some r a t h e r  obscure 

questions a d ,  i n  p a r t i c u l a r ,  a def in i t ion  of what we consider  absolu te  and rela- 

t i v e  e f f i c a c i t y  of investment. 

From t h e  p r a c t i c a l  viewpoint, t h i s  l a t t e r  r e s x l t  seems the  most i q o r t a n t .  

I n  t h e  ecoiiomic manageiient of enterpr ises ,  t h e  a rxua l  balance sheet  represents  

t h e  irstant of t r u t h .  

vested c a p i t a l  o r  what we c a l l  i ts  absolute e f f i c a c i t y .  

These balance sheets  r e f l e c t  t h e  y i e l d  of t h e  e n t i r e  LI- 

However, i t  i s  d i f f i c u l t  - not  LO sa7 i q o s s i b l e  - t o  give a separa te  def i -  

n i t i o n  of  t h e  y i e l d  of c a p i t a l  a l l o t t e d  t o  t h e  replacement of a given p iece  of 

equipment, s ince  t h i s  QTe  of c a p i t a l  f requent ly  cons t i t u t e s  only an in f in ikes i -  

m a l  po r t ion  of a complex conglomerate of wbLch only t h e  t o t a l  y i e l d  can be con- 

2 



ver t ed  i n t o  f igu res .  

t h e  r e l a t i v e  y i e l d  of such c a p i t a l  investments, i.e., wi th  a comparison of t h e  

c o s t s  r e s u l t i n g  from t h e  ex-ante s i tua t ion ,  i f  t h e  l a t t e r  was maintained, and 

of  t h e  c o s t  after replacement. 

I n  t h i s  case, one i s  usua l ly  s a t i s f i e d  with ca l cu la t ing  

It would seem t h a t  this r e l a t i v e  y i e ld  should be of t h e  same o rde r  of magni- 

t ude  as t h e  normal y i e l d  of c a p i t a l  invested i n  t h a t  p a r t i c u l a r  branch of 

business. 

are of  an e n t i r e l y  d i f f e r e n t  nature.  

opposed, i.e., t h e  r e l a t i v e  y i e l d  i s  higher t h e  lower t h e  normal y i e l d  of t h e  

p a r t i c u l a r  i n d u s t 7 .  

However, t he  model constructed by us imi i ca t e s  t h a t  t hese  two y i e l d s  

I n  f a c t ,  they  a r e  a c t u a l l y  d i ame t r i ca l ly  

The repercussions of this result on t h e  po l i cy  of replacement of equipment 

and on losses t h a t  might r e s u l t  from certair, dec is ions  taken, such as those  

r e f e r r i n g . t o  i n t e r e s t  rate of invested c a p i t a l ,  a r e  qu i t e  obvious. 
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I. PHYSICAL AND HIJb!.Qi DETEXJ:IITANTS OF ECOTJOEIIC GRO'OH 

1.1 The Three Phases of Economic Develoment 

I n  t h e  first phase of i n d u s t r i a l i z a t i o n  during which takes  p lace  t h e  t r a n s i -  

t i o n  from a r t i s a n  e c o n o q  t o  i n d u s t r i a l  economy, t h e  t r a d i t i o n a l  and ind iv idua l  

h s t r m e n t s  of 2roduction a r e  prcgressively replaced by e c p i y e n t  of i n c o q a r -  

abP j  g r e a t e r  y i e ld .  

taken p l ace  over r e l a t i v e l y  long periods of time, t h e  problem of t h e  manpower 

necessary f o r  explo i t ing  this equipment has never been extremely acute.  The in- 

dispensable work u n i t s  were formed ir ,  response t o  t h e  requirement, and unsk i l l ed  

l a b o r  was n a t u r a l l y  taken from the  large r e s e r v o i r  represented bj t h e  farming 

population. 

t h e  capac i ty  of a given c o m t w  t o  prociuce new eqilipment, which immediately was 

matched with a v a i l a b l e  l abor  force.  

competition which required a cer ta i r ,  development of production techniques but  

which should not  be overestimated i n  importance, t h e r e  was no incen t ive  f o r  

bus iness  e n t e r p r i s e s  t o  renew theequipnentsbefore  they had reached t h e i r  p o i n t  

of  no rna l  wear. 

I n  modern i n d u s t r i a l  na t ions  where t h i s  t r a n s i t i o n  has 

The econorric growth c l u i n g  this phase was uniquely conditioned b~ 

Xis means t h a t ,  beyond t h e  phenomer,on of 

This cons t i t u t ed  a period of pure extension of productive 

4 



c a p i t a l .  

s u f f i c i e n t  reserves  of manpower were available.  

Xew arrivals i n  t h e  market did n o t  b a t t l e  t h e i r  predecessors, s i n c e  

The second phase s t a r t e d  at  t h e  rronent a t  which t h e  reserves  began t o  be- 

come exhausted and a t  which t h e  migration from t h e  farm t o  c i t i e s  s t a r t e d  slow- 

i n g  down. A por t ion  of t h e  e f f ec t ives  a l l o t t e d  t o  new equipment a r e  e f f e c t i v e s  

l i b e r a t e d  by t h e  rep1acemer.t o r  i nva l ida t ion  of  used ma te r i a l  t h a t  p b s i c a l b  

was incapable of ensuring continuance of riormal i n d u s t r i a l  service.  

i f  t h e  ap t i t ude  of a given economy f o r  investment exceeds t h e  quantity of  used 

equipment, i .e.,  i f  a p o s i t i v e  n e t  investment i s  present ,  t h e  monies necessary 

f o r  exp lo i t i ng  this p o s i t i v e  investmert balance inust be l i b e r a t e i  by d iscard ing  

t h e  o l d e s t  equipment before complete wear. It i s  this investment surplus,  wi th  

respec t  t o  t h e  s t r i c t l y  necessary measures f o r  p r e s e r v h g  a constant c a p i t a l  

stock, t h a t  d e t e m h e s  t h e  growth of econoq. 

f irst  phase, t h e  y i e l d  decreases ar,d the expansion rate slows down s ince  we no 

longer  have t o  do here with a pure c a p i t a l  extension and G n c e  t h e  t o t a l  volume 

of  investment i s  absor5ed only uiider the conditior, t h a t  equipment s t i l l  i n  good 

working condition i s  obsoleted, which would be seriseless unless, i n  t h e  mean- 

time, t e c h i c a l  progress had taken place. 

Rowever, & 

Rowever, with respect t o  t h e  
b 

During t h e  t h i r d  phase, known as the matur i ty  phase, t h e  preceding process  

has come t o  an end and t h e  bpor t a r , ce  of t e c h n i c a l  progress assumes i t s  t o t a l  

s ign i f icance .  

growth depends only on t h e  Lechnical progress i t se l f .  

t h i s  phase of development, which we 1ri.11 now represent  by a model. 

The e n t i r e  equipment i s  replaced before being worn out, a n d  t h e  

T h i s  i s  an economy, i n  

1.2 Growth of an EconoQy, Arrived at 1:aturity 

Selow, we Will ? iscuss  t h e  phenomenon of growth of an econoqT, c h a r a c t e p  

5 



i z e d  by two s e c t o r s  which, respectively,  produce consumer goods and production 

implements. The production functions of t hese  s e c t o r s  a r e  assumed t o  k.e homo- 

geneous Cobb-Douglas func t ions  of t h e  f i r s t  degree. To avoid ted ious  calcu,la- 

t i ons ,  t h e ' f u n c t i o n s  of t h e  two sec to r s  are assuned t o  be i d e n t i c a l  so t h a t  t h e  

t o t a l  production of t h e  economy i s  given by a func t ion  i d e n t i c a l  t o  those  of 

each of t h e  sec tors .  

If I' denotes t h e  t o t a l  quant i ty  of a v a i l a 5 l e  homogeneous work ( i n  this 

study, T w i l l  represent a manpower e f f ec t ive  assumed t o  be honogeneous), and i f  

C denotes t h e  c a p i t a l  counted i n  physical  units exploike:! by t h e  work T ( i f  t h e  

e c o n o q  produces only one type of tools,  C r d l l  r epresent  t h e  number of avail- 

a b l e  t o o l s ;  i f  not, C Will represent a measure of  t h e  t o t a l  a v a i l a b l e  c a p i t a l  

stock),  then  t h e  volume of production P, obtained by combining C and T, i s  given 

by t h e  Cobb-Douglas r e l a t i o n  

/6 

1-a P = A C a T  

where CI i s  a constant and A i s  a coef f ic ien t  t h a t  depends on t h e  se l ec t ed  u n i t s .  

For a s u i t a b l e  se l ec t ion  of un i t s ,  we can pose A = 1 and 

C a  P =  . 
The tecl-xical  PTogress, a t  any i n s t a n t ,  i nc reases  t h e  p roduc t iv i ty  of labor .  

t h i s  t ecky ica l  progress i s  neut ra l ,  i t  w i l l  a c t  l i k e  a t i m e v a r i a n t  c o e f f i c i e n t  

of t h e  production function. If t h e  r e l a t i v e  growth, due t o  t echn ica l  progress,  

of t h e  prodcction volume obtained a t  given c a p i t a l  and labor i s  constant,  this 

c o e f f i c i e n t  w i l l  be given by t h e  function ent where n represents  t h e  t e c h i c a l  

progress  and t t h e  t i n e  so t h a t ,  i f  C, r ep resen t s  t h e  inves ted  c a p i t a l  a t  t h e  

i n s t a n t  t during u n i t  t i n e  and i f  Tt represents t h e  work a l loca t ed  t o  this 

c a p i t a l ,  then t h e  r e s - . l t an t  prociiiction Will be 

i f  

6 



This production formula prempposes t h a t  a s u b s t i t u t i o n  exists between 

c a p i t a l  and l abor  s ince  no supplementary r e l a t i o n  e x i s t s  f o r  def ining t h e  r a t i o  

of Ct t o  Tt . However, this subs t i t u t ion  exists only ex-ante. I n  planning a 

given p iece  of equipment, it u s u a l l y ’ i s  conceived as a funct ion of t h e  l a b o r  

a v a i l a b l e  f o r  operat ing this p a r t i c u l a r  equipment. 

t h e  equipment has been constructed,  this s u b s t i t u t i o n  i s  no longer  per iniss ible  

and t h a t  it must then operate  x t t h  a constant e f f e c t i v e  during i t s  e n t i r e  use- 

f u l  l i f e .  

i t s  l i f e t ime ,  and t h a t  new production techniques can be introduced only by 

means of e n t i r e l y  new equipment. 

Ne W i l l  assume t h a t ,  once 

This may also mean t h a t  this equipment W i l l  not  be modernized during 
L 

L2. 

Tnis manner of proceeding, which \re t ake  from LJohansen (T3ibl.l), y i e l d s  

an answer t o  most of t h e  object ions raised aga ins t  t h e  me of production fornu- 

ias, which reduces t o  t h e  following: 2ecaiise of t echn ica l  pmgress ,  t k e  iTle 

ments constructed at various epochs are not  i den t i ca l ,  and t h e  production fmc-  

t i o n  s t a t i s t i c a l l y  defined over a ce r t a in  period of t h e  represents  an amalganla- 

t i o n  of heterogeneous data.  

(Bibl.2).] 

giver. i n s t a n t  i s  general ly  considered a combination of these  two f ac to r s ,  yield- 

i n g  a production connected t o  t h e  volume of t h e  two f a c t o r s  over a c e r t a i n  func- 

t i on .  

t h i s  funct ion.  

has been done by most of t h e  authol-s who were concerned d t h  p rob lem of this 

type,  because of t h e  extreme s implici ty  of t h e  ca l cu la t ions  involved. 

as one g e t s  away from tXs fornula,  considerable d i f f i c u l t i e s  Will be  encountered. 

lie will assume tha t ,  a t  an;: i n s t a r t ,  f u l l  use of c a p i t a l  and a v a i l a b l e  

[For a d isc i ss ion  on this point ,  see Kaldor 

I n  f a c t ,  t h e ,  p o s s i b i l i t y  of a c a p i t a l  - labor subs t i t u t ion  a t  a 

The only poin t  which remains open t o  discussion i s  t h a t  of t he  form of 

We have re ta ined  a homogeneous f m c t i o n  of t h e  f i r s t  degree, as 

As soon 

7 



l a b o r  i s  present  and we Will disregard here, i n  a %.ornat ive” model, t h e  mecha- 

nisms and t h e  behavior of producers and consumers by which t h i s  result can be 

reached. 

Tota l  u t i l i z a t i o n  of manpower and c a p i t a l  resources obviously must be 

t h e  primary ob jec t ive  of any e f f o r t  mde i n  the  organizat ion of economy, and t h e  

observat ion of European indus t r i a l i zed  na t ions  i n d i c a t e s  t h a t  this ob jec t ive  can 

be p r a c t i c a l l y  a t t a i n e d  i n  t h e  e q m s i o n  phase. 

/8 

The invested por t ion  of t h e  na t iona l  revenue i s  supposed t o  be constant .  

T h i s  again i s  a statement i n  f a c t ,  insofar  as t h e  postwar European econonies are 

concerned. The mechanisms t h a t  ensure this constancy of investment are highlj. 

complex but  can be roughly explained by s t a t i n g  t h a t  t h e  po r t ion  of t h e  publ ic  

s e c t o r  i n  t h e  t o t a l  invesLment i s  r e l a t ive ly  l a r g e  (of t h e  order  of 505) an11 

t h a t  it i s  thus obvious t h a t  gove,merL.c agencies will play  a regulatory r o l e .  

Finalkv, t h e  rate of growth of the ava i l ab le  l abor  force,  i.e.,  t h e  t o t a l  

e f f ec t ive ,  w i l l  be assxned as constant and independent of economical f a c t o r s .  

We W i l l  consider an economy i n  which t h e  l i f e  of t h e  equipment i s  f ixed  

and cons t a i t  i n  time. 

t y ,  this l i f e  i s  arl element of choice sj-nce it i s  shor t e r  than t h e  phys ica l  

l i f e t ime .  

Since we are living ir, ar. ecoromy t h a t  has  reached maturi- 

’de will introduce this f a c t o r  i n t o  our  general  model as a parameter. 

If D denotes this l i f e t ime ,  t h e  ava i lab le  e f f e c t i v e  Tt p e r  u n i t  t h e  f o r  

t h e  c a p i t a l  C t  invested p e r  mit  time a t  t h e  i n s t a n t  t Will be  t h e  sm repre- 

sented by t h e  monies o r  e f f e c t l v e  l i be ra t ed  by obsole t ing  t h e  equipment t h a t  has 

reached t h e  age D p l u s  the  f r a c t i o n  of t h e  population t h a t  reaches t h e  age of 

activi”,y a t  t h e  i n s t a n t  t. 

If h denotes t h e  r a t e  of demographic growth an.? i f  To i s  the  t o t a l  a c t i v e  ,& 

populat ion a t  %he i n s t a n t  taken as t h e  o r i g i n  of t i n e ,  t h e  e f f e c t i v e  of t h e  

8 



t o t a l  population a t  t h e  time t will be equal t o  

- 
T = Fo e".  (2) 

The e f f e c t i v e  reaching t h e  age of a c t i v i t y  p e r  un i t  time i s  equal t o  

The e f f e c t i v e  l i b e r a t e d  p e r  u n i t  t i m e  by replacement of t h e  equipment of 

age D i s  T ( t  - D ) .  

Thus, we have 
C l t  

( 3 )  T(t) = T(-t.-D) + $To . 
The so lu t ion  of t h i s  equation has t h e  form ToeRt. BJ subs t i t u t ion  i n t o  

eq.(3), we ob ta in  t h e  value of Tn 

-29-  1.-c 

Let us  a l s o  s t i p u l a t e  t h a t  Tn represents  t he  t o t a l  a c t i v e  populat ion a t  the  

i n s t a n t  taken as t h e  o r i g i n  of time, w h i l e  To represents  t he  f r a c t i o n  of t h e  

ava i l ab le  e f f e c t i v e s  a l loca ted  t o  t h e  new investments placed i n t o  se rv ice  a t  the  

i n s t a n t  zero. 

Let C ( Q )  be t h e  volume of t he  c a p i t a l  invested p e r  un i t  time a t  t h e  i n s t a n t  

0 .  Let us  pose 

c t o )  = co e U O  . 
d 

The production obtained p e r  un i t  t i m e ,  during t h e  e n t i r e  l i f e t i m e  D of /10 
t h e  c a p i t a l ,  i n  v i r t u e  of eq . ( l ) ,  will be 

o r  else 
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f o r O s t < e  + D .  

The t o t a l  production F ( t ) ,  a t  the  i n s t a n t  t, i s  t h e  sum of  t h e  production 

of inves ted  c a p i t a l s  during t h e  e n t i r e  l i f e t i m e  t - D, t. We 'then have 

t 
I 

t-D 
Thus, from eq.(5) it follows t h a t  

where?' 

Since t h e  investment represents  a constant f r a c t i o n  of t h e  t o t a l  product, its 

rate of growth will be equal t o  E. Thus, we have u = c: and, according t o  eq.(?),  

n = -  
1-a 

+ e .  
If i denotes t h e  f r a c t i o n  of t h e  total inves ted  product, we have 

Posing @ = 9T0, 15 = 1 - e-Ea, n = 1 - e-Bo, we can der ive  from eqs.(7) 

and (8): 

Hence, 

C(t) c 
i i 

- 
O E  

I - u  
0 
R 
- .  c - i Y  

- 0 

S u b s t i t u t i n g  this value of CO i n t o  eq.(6) will y i e l d  

1 - 

From this expression f o r  ? ( t ) ,  which i s  t h e  t o t a l  phys i ca l  production of 

* T h i s  formula i s  due t o  Benton F. Kassel (Bibl.3). 
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t h e  economy a t  t h e  i n s t a n t  t, we can draw important conclusions. 

1.3 Role of Technical Progress i n  the  Growth 

The rate of growth F: i s  independent of  t h e  volume of  investment and of t h e  

l i fe t ime D of t h e  equipment, which does no t  f i g u r e  i n  t h e  expressions Ur and R. 

This rate depends only on t h e  technical  progress  and on t h e  demographic growth. 

The t echn ica l  progress inf luences  t h e  economic growth over t h e  m u l t i p l i e r  

-. 1-0, 
However, this conclusion must be somewhat moderated in t h a t  it i s  s l i g h t l y  

t o o  absolute .  Recent inves t iga t ions  by J.Schmookler (Bibl.4, 5 )  have shown, 

contrary t o  common expectations,  that  t h e  invent ive  a c t i v i t y  wi th in  a given 

indus t ry  producing production implements, follows r a t h e r  than precedes the  in- 

vestment. S t a t i s t i c a l  s e r i e s  have demonstrated t h a t  t h e  share of invent ion 

i n  these  i n d u s t r i e s  i s  d i r e c t l y  proport ional  t o  t h e  volume of investinent. 

f a c t ,  enorm0u.s d i f fe rences  i n  investment are encountered, depending on t h e  in- 

d iv idua l  i n d u s t r i a l  branches and t h e  en terpr i ses  within one and t h e  same branch, 

which l eads  us t o  be l ieve  t h a t  t h e  above-meptioned work assumes i t s  g r e a t e s t  

value a t  t h e  l e v e l  of t h e  en terpr i se .  However, within t h e  framework of a model 

intended t o  demonstrate a cer ta i r ,  number of l o g i c a l  r e l a t ions  (o thers  than t h a t  

,& 
I n  

we have mentioned), the f a c t  t h a t  technical  progress  i s  independent of t h e  . 
volume of investment can be accepted a s  t r u e  more r e a d i l y  as t h e  value of i 

va r i e s  l i t t l e  f o r  most of t h e  indus t r ia l ized  nat ions.  

f l u c t u a t e s  between 13 and 20% f o r  nations of c a p i t a l i s t i c  s t ruc tu re .  

planned economies, t he  value of i does no t  exceed 253. 

Let us assume t h a t  i 

For 
1 

This very simple model r e f l e c t s  t he  results of recent  empir ical  s tud ie s  

(Bibl.6, 7) i n  which the  t h e s i s  i s  defended t h a t  t h e  increase  i n  na t iona l  pro- 
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duc t s  of t h e  USA over t h e  las t  40 years i s  l a r g e l y  due t o  t h e  combined progress  

i n  technology and economic organization. According t o  Solo , t h e  percentage of 

this type of progress  i s  of t h e  order  of' 80% while only 20% of t h e  growth i s  

a t t r i b u t e d  t o  an "extension" of capi ta l .  

1.4. Ekistence of an Optimal Li fe  of Edpment' '  

Equation (9)  i n d i c a t e s  t h a t  t h e  lifetime of equipment w i l l  e n t e r  over Y 

and R only i n  t h e  coe f f i c i en t  of t he  growth term eEt Thus, this l i f e t i m e  does 

no t  in f luence  t h e  growth but  r a t h e r  the l e v e l  of production; this l e v e l  reaches 

a maximvm f o r  a given value of i, simultaneously wi th  t h e  r a t i o  - 
t h e r e  exists an optimal value f o r  t h e  l i fe t ime of equipment f o r  which the  y i e l d  

of e c o n o v  i s  maximum, o the r  conditions being equal. For values of CY, P, and TT 

equal, respec t ive ly ,  t o  a, 0.01, and 0.03, this r a t i o  reaches i t s  maximum f o r  

D = ll+ yea r s  a t  which time i t s  value will be equal t o  3.30. For t h e  same values 

of CY and f3 bu t  at  TT = 0.05, t h e  m ~ m m  w i l l  be reached a t  D = 10 years,  and t h e  

value of t h i s  r a t i o  w i l l  be equal t o  4.32. 

rate of growth i s  equal t o  6% while, i n  t h e  second case (TT = 0.05), i t  w i l l  be 

equal t o  8.5%. 

,#-a 

R . Thus, 

In t h e  f irst  case (17 = 0.03), t h e  

Consequently, of two economies inves t ing  t h e  same p o r t i o n  of t h e  

n a t i o n a l  incone, t h a t  economy showing t h e  g r e a t e s t  rate of growth i n  t e c h n i c a l  

progress  prodiices most a t  any i n s t a n t ,  even if such superior rate of t echn ica l  

progress  i s  accompanied by a more rapid obsolescence and thus  by a s h o r t e r  l i f e  

of t h e  equipment. This demonstrates clearly t h a t  t h e  opinion, rather widespread 

i n  t h e  USA'%:' according t o  which the  acce lera t ion  of t h e  phenomenon of obsolescence, 

G The ex is tence  of an  optimal l i f e t ime  of t h e  equipment has been revealed by 
Benton F.Masse1 i n  bis a r t i c l e  published i n  Econometriza. 

3s; We r e f e r  t o  t h e  statement by Terborgh, c i t e d  by Saint-Paul (Bibl.8): 
c a l  p rogress  and modification of demand combine t o  i n t e n s i f y  t h e  

"Techni- 
( c o n t f d )  
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c 

consecutive t o  t echn ica l  progress, wi l l  end up by ru in ing  t h e  American nation, 

lacks any b a s i s  i n  f a c t .  We will return t o  this po in t  l a t e r .  

La 1.5 M s t e n c e  of an Optimal Investment Rate 

Equation ( 9 )  also shows t h e  influence of t h e  rate of savings i ( o r  of in- 

vestments) on consumption. The volume of consumption i s  equal t o  

U 1 
(1-i> . i - a  

1 

The volume of t h e  consumed production w i l l  reach a maximum a t  any i n s t a n t ,  pro- 

vided t h a t  t h e  expression 
U 

i s  maximal , i.e., provided t h a t  we have 

i.e., i = CY. 

The question of t h e  existence of an optimal investment rate has  resumed 

a c t u a l i t y  due t o  a recent  a r t i c l e  by J.Tinbergen (Bibl.9). After having s t a t e d  

t h a t ,  over  long per iods  of time, t h e  western na t ions  have inves ted  lz of t h e i r  

revenue whereas t h e  communist countries gene ra l ly  i n v e s t  25$, t h e  author raisgs 

t h e  question whether it i s  poss ib l e  t o  de f ine  t h e  optimum r a t e  by methods of 

econometry. The p r i n c i p l e  used by him f o r  solving this problem cons i s t s  i n  

3:- ( con t td )  aggression by t h e  new on t h e  o ld ,  cons t i t u t ing  a bandi t ry  without 
bloodshed by which c a p i t a l  i s  deprived of i t s  functioni1. 
D r .  Krozowsky mentioned t h a t  f f a f t e r  the impact of t h e  p re sen t  e f f o r t  i n  research  
and development, t h e  American economymay run t h e  r i s k  of no longer being able 
t o  support  t h e  induced growth of t h e  rate of obsolescencelI and t h a t ,  i n  addi t ion ,  
"the i n d u s t r i a l  obsolescence abolishes t h e  ga in  of  e n t e r p r i s e s  and t h e  resources 
of t h e  State". 

On t h e  o t h e r  hand, 
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def in ing  t h e  investment r a t e  t h a t  maximizes t h e  sum of b e n e f i t  a l l o t t e d  t o  

consumption. 

i n s t a n t  t i s  a func t ion  U ( i ,  t ) ,  where i is  t h e  rate of investment, then 

i ( t ) , , t  i s  defined by t h e  func t iona l  r e l a t ion  

If t h e  p r o f i t  gained fron goods a v a i l a b l e  f o r  consumption a t  t h e  

/15 

The results obtained under t h e  various hypotheses are i d e n t i c a l .  The va lues  

r e s u l t i n g  f o r  t h e  optimal r a t e  of investment are extremely high. 

i n d e f i n i t e l y  keep t h e  consumption t o  the absolu te  minimum f o r  subsistence and t o  

r e l e g a t e  t o  a constantl? pushed out tomorrow t h e  consmption f o r  personal  bene- 

f i t  of goods produced by t h e  accumulated c a p i t a l .  

applied,  would make t h e  western nations %ore communist than t h e  communists11 

according t o  t h e  expression by Tinbergen (given i n  French wi th in  t h e  t e x t ) ,  i s  

considered by our  author as cons t i tu t ing  a d i s t i n c t  f a i l u r e .  

nent i s  rrL3siT;g f o r  a simple m&.?izing of ins taq tareous  bene f i t .  

picked up this question, introduced a '$sychological discount r a t e "  and demon- 

s t r a t e d  t h a t  an optimum investment ra te  will be obtained i f  th is  psychological 

rate i s  maintained wi th in  narrow U t s .  

Tinbergen, d id  not be l ieve  themselves ab le  t o  overcome t h e i r  d i f f i c u l t i e s  by 

basing themselves on this not ion  since, according t o  t h e i r  opinion which we 

sha re  f u l l y ,  t h e  degree of preference of i nd iv idu2 . l~  f o r  immediate s a t i s f a c t i o n  

cannot poss ib ly  r u l e  %he decisions made a t  t h e  l e v e l  of t h e  S t a t e .  

They t end  t o  

T h i s  result which, i f  i t  were 

One important e l e  

Boiteix,  who 

However, most economists, including 

It i s  necessary t o  d i f f e r e n t i a t e  two b a s i c  moments, i f  one wishes t o  see 

c l e a r  i n  this qlestion. 

phase o f  economic growth, of which we t a lked  above. The second monent has t o  

do wi th  ar, economy t h a t  has a t t a i n e d  maturity, t h e  case t r e a t e d  i n  our model. 

The f i r s t  of t hese  moments corresponds t o  t h e  f irst  

For a matured economy, t h e  l imi t a t ion  of t h e  manpower e f f e c t i v e s  results i n  

u+ 



a decreasing y i e l d  of t h e  invested c a p i t a l  w h i l e  i t s  volume a c t u a l l y  increases .  

There comes a moment a t  which t h e  production surplus,  obtained by t h e  suppl- /16 
mentary investment, i s  j u s t  exactly equal t o  this investment. 

beyond this poin t ,  t h e  surp lus  w i l l  become i n f e r i o r  t o  t h e  inves ted  c a p i t a l  and 

t h e r e  will be a reduction i n  consunable revenue. 

t h e  optimum investment policy,  which i s  exac t ly  t h a t  defined by e q . ( l l ) .  

France and i n  European count r ies  t h a t  inves t  about 17% of t h e i r  na t iona l  revenue, 

one i s  no t  far  from this poin t .  

no means due t o  a deliberate choice h;~ e i t h e r  consumer o r  manufacturer. 

h i s t o r y  o f  s o c i a l  s t rugg le  and s o c i a l  c l a i m s ,  t h e  necess i ty  of reducing t h e s e  

claims so as t o  prevent an excessive i n f l a t i o n  rate, ana t h e  l i m i t a t i o n  of c r e d i t  

t o  consumption a r e  all f a c t s  which demonstrate t h a t  t h e  consumption volume 

reached - and, consequently, t h e  rate o f  investment r ea l i zed  - do not correspond 

t o  t h e  wishes and d e s i r e s  of t h e  consumer who, l e f t  t o  his own devices, would 

no doubt consume a much l a r g e r  po r t ion  of t h e  n a t i o n a l  revenue. If, now, one 

t u r n s  t o  t h e  manufacturer it i s  obvious t h a t  his choice i s  a l s o  no t  guided by a 

'psychological discount rate" but r a the r  by t h e  necess i ty  t h a t ,  f o r  sirrvival, he 

must f u r t h e r  develop ana claim a constant p a r t  of t h e  market. 

means f u r t h e r  investment. 

If one passes  

Thus, this p o i n t  represents  

I n  

However, it must be emphasized t h a t  this i s  by 

The 

This automatically 

Although, because of  t h e  l imi t a t ion  of e f f ec t ives ,  t h e r e  exists a m-um 

of investment rate which cannot be exceeded without reducing t h e  volume of 

p re sen t  and f u t u r e  consumption, this holds t r u e  only f o r  an economy t h a t  has 

a r r i v e d  a t  matu.r i  t y  

This s t i l l  does not  s e t t l e  t h e  question with respec t  t o  t h e  first phase of 

/17 i n d u s t r i a l i z a t i o n ,  defined above. 

s h o r t e r  t h e  g r e a t e r  a po r t ion  of t h e  na t iona l  revenue i s  inves ted .  

It is  obvious t h a t  this phase w i l l  be 

However, 



phys ica l  as w e l l  as s o c i a l  r e s t r i c t i o n s  l i m i t  t h e  r e a l i z a b l e  rate of investment. 

Primarily,  t h e  wages cannot be maintained a t  t h e  subs is tence  l e v e l .  

wage level  must i nc rease  constantly.  

r equ i r e s  an increas ing  number of qua l i f ied  technicians,  and an open spread of  

wages i s  t h e  b e s t  i ncen t ive  f o r  t h e  formation of cadres. 

USSR proves this most adequately. 

(Bibl.lO), t h e r e  e d s t s  f o r  any country, even i n  t h e  f irst  phase of development, 

an investment rate t h a t  cannot be absorbed by t h e  economy and beyond which t h e  

marginal e f f i c a c i t y  of investment becomes negative. B.Horvath be l ieves  t h a t ,  

f o r  numerous countries,  t h e  rate of investment i s  of t h e  o rde r  of 30$, which 

could r e s u l t  i n  a growth of t h e  order  of lC$. The investment limits are im- 

posed by t h e  capac i ty  of  absorption of t h e  econoq7, which - i n  t u rn  - i s  f ixed  

k y  t h e  s c i e n t i f i c  and t e c h n i c a l  formation of necessary cadres and, i n  a genera l  

manner, by t h e  state of t h e  a r t  and t h e  dissemination of knowledge, as well as 

by t h e  p o l i t i c a l  arLd economic s t a t u s  of t h e  organization. 

The mean 

In f a c t ,  an acce lera ted  i n d u s t r i a l i z a t i o n  

The example of t h e  

Finally, as mentioned by b a n k s  Horvath 

Let us mention f i n a l l y  t h a t  t h e  concept of psychological discount rate i s  

even less  acceptable here than f o r  an economy i n  i t s  per iod  of maturity.  

obvious, i f  one has s tud ied  a t  a l l  the h i s t o r y  of accumulation i n  count r ies  i n  

t h e  course of i n d u s t r i a l i z a t i o n ,  t h a t  such accumulation i s  not  t h e  result of 

dec i s ions  of i nd iv idua l s  based on t h e i r  degree of preference  f o r  f u t u r e  satis- 

f ac t ions .  

Century (speaking only of t h e  Vestern European na t ions)  under extremely a u s t e r e  

condi t ions  of t h e  s a l a r i e d  masses: 12-hour days and more, no vacation periods,  

wages t h a t  hardljr met t h e  bare subsistence l e v e l ,  unemployment r e s u l t i n g  from /18 

too  i n t e n s e  per iods  of accumulation, sweatshops i n  which ch i ldren  of l.4 yea r s  

and less were made t o  work. The h is tory  of t h e  working c l a s s  s t rugg le  during 

It i s  

Rather, such accumulation h a s  taken p lace  during t h e  18 th  and l g t h  
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this era demonstrates c l e a r l y  t h a t  t h i s  s i t u a t i o n  was by no means t a c i t l y  

accepted even i f  it was an absolu te ly  indispensable condi t ion  f o r  having f u t u r e  

genera t ions  enjoy an incomparabPj b e t t e r  s i t u a t i o n ,  such as i t  edsts  today. 

11. 

11.1 P r i c e s  

PRICES, COST, EVOLUTION OF WAGES 

If, 3s done i n  t h e  c l a s s i c a l  theory of i d e a l  competition, i t  i s  s t i p u l a t e d  

t h a t  competition progress ive ly  eliminates all p r o f i t s ,  t h e  p r i c e  s j s tem would 

be automatically determined as soon as t h e  wage s c a l e  i s  f ixed .  

t i t i o n  may be more o r  less strong, deyending on t h e  s t r u c t u r e  of concentration 

of t h e  var ious  i n d u s t r i a l  branches that comprise t h e  n a t i o n a l  economy. If t h e  

competition i s  11weak98, a c e r t a i n  p r o f i t  r a t e  W i l l  e x i s t  and t h e  p r i c e  system 

w i l l  t h e n  have two degrees of freedom. This i s  defined only il”, i n  add i t ion  

t o  wages, t h e  p r o f i t  rate i s  fixed, as dexrmstratecl by Iv:.Morishirna (Bibl.11) on 

However, compe- 

a genera l  model, i n  which he assumed t h a t  t h e  %veakrt competition, even i f  i t  

does n o t  do away wi th  p r o f i t ,  W i l l  l eve l  it ou t  over a l l  i n d u s t r i e s .  T h i s  means 

t h a t  he used a unique p r o f i t  rate fromwhich, based on f ixed  wages, he derived 

t h e  p r i c e  system f o r  each p a r t i c u l a r  industry.  This i n s t i t u t i o n  of a s i n g l e  

p r o f i t  rate does not correspond t o  i n d u s t r i a l  r e a l i t y  where widely d i f f e r i n g  

p r o f i t  r a t e s  are encountered, depending on t h e  various branches and on t h e  in- 

d i v i d u a l  f i rms  within a given .branch. 

O u r  ana lys i s  i s  l imi t ed  t o  a two-sector economy characterized - as men- /19 
t ioned above - by func t ions  of i d e n t i c a l  production. Ins tead  of using t h e  

p r o f i t  r a t e  as t h e  de t emin ing  parameter, t oge the r  with wages ana p r i c e  l e v e l s ,  

we Will use  t h e  d i s t r i b u t i o n  of consumption between t h e  revenue of l a b o r  ar.d 

t h e  revenue of c a p i t a l .  This manner o f  proceeding has t h e  advantage of c l a r i f y -  
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i n g  s e v e r a l  po in t s .  If t h e  p a r t  played bj c a p i t a l  income i n  t h e  consumption i s  

zero, this would mean t h a t  - properly speaking - no p r o f i t  i s  present  s ince  any 

c a p i t a l  income i s  immediately reinvested i n  t h e  production process.  

this hypothesis i s  d i f f i c u l t  t o  s u s t a h  i n  an econory cont ro l led  by ind iv idua l  

i n i t i a t i v e  s ince,  no matter what t he  degree of competition might be, c a p i t a l  i s  

always invested f o r  t h e  purpose of withdrawing, sooner o r  l a t e r ,  a p r o f i t  i n  t h e  

form of  consumption o r  goods f o r  personal use. This consumption o r  this posses- 

s ion  Will d e t e d n e  t h e  rate of p r o f i t  and, by this, t h e  e f f i c a c i t y  of t h e  ilE- 

vested c a p i t a l .  

However, 

I n  this study, we ~5.11 always reason i n  terns of e f f i c a c i t y  of c a p i t a l ,  a 

concept which W i l l  be f u r t h e r  defined i n  t h e  next, Section. 

i s  a concept which does not  d i f f e r  f romthe  term of " in t e re s t  rate" used by most 

econonis ts  who have s tudied these  questions (Forishima, Iialinvaud, Allah,  and 

o the r s ) ,  but we personal ly  p r e f e r  t o  reverse t h e  term f 5 n t e r e s t f 1  t o  designate  

t h e  lending and borrowing of money. 

E f f i c a c i t y  of c a p i t a l  

It will be assumed t h a t  t h e  wages are not  saved, i.e., t h a t ,  at  each in- 

s t a n t ,  they  consume t h e  e n t i r e t y  of t h e i r  revenue. Ye could have introduced, 

as i s  gene ra l ly  done, a wage savings function but  such a c o i p l i c a t i o n  changes 

nothing i n  t h e  results of t h e  analysis .  

ever i s  d i r e c t l y  ipvested i n  t h e  production process.  

s t i t u t e s  only a forced saving, over t h e  intermediary of c r e d i t  system of con- /20 
sumption. 

demand curve and i n  t h e  modif icat ion of t h e  d i s t r i b u t i o n  of consumed revenue, 

s ince  t h e  i n t e r e s t  shed out  f o r  t h e  consumption c r e d i t  r e tu rns  t o  t h e  holders 

of t h e  c a p i t a l .  

"golden age" - t h e  o v e r a l l  demand and the consumption r e l a t i v e  t o  t h e  c a p i t a l  

I n  f a c t ,  t h e  saving of wages hardly 

I n  most cases,  this con- 

Consequently, t h i s  savings furlction shows up only i n  t h e  s lope  of t h e  

Here, we Will use a p r i o r i  - i n  an econoqy t h a t  has reached i t s  



revenue, without worrying whether t hese  revenues p a r t i a l l y  o r i g i n a t e  i n  t h e  mass 

. of wages paid.  

Since t h e  i n d u s t r i e s  producing equipment goods and t h e  i n d u s t r i e s  producing 

production goods are subjec t  t o  t h e  same production function, t h e r e  i s  no possi- 

b i l i t y  of d i f f e r e n t i a t i n g ,  a p r i o r i ,  the p r i c e s  of  t hese  two types of i ndus t r i e s .  

F ina l ly ,  assuming t h a t  t h e  p r i c e s  a re  constant, because of t h e  f a c t  t h a t  

o u r  economy'invests a constant po r t ion  i of t h e  t o t a l  revenue, and t h a t  t h e  

production inc reases  a t  t h e  r a t e  e ,  t h i s  would meari t h a t  t h e  t o t a l  mass of wages 

inc reases  a t  t h e  same rate. 

t, then t h e  t o t a l  mass of t h e  wages, a t  a t o t a l  e f f e c t i v e  equal t o  %ee t, w i l l  be 

If W(t) denotes t h e  ind iv idua l  wage a t  t h e  i n s t a n t  

Since, under t h e  hypothesis of constant p r i ces ,  X( t )  i nc reases  a t  a continuous 

rate e ,  we have 
I - E t  = W e 

0 

- 
where \lo i s  t h e  t o t a l  mass of wages at the  o r i g i n a l  i n s t a n t .  

and (13), we der ive  

From eqs.(l2) 

1 
0 

Since we have two degrees of freedom f o r  f i x i n g  t h e  p r i c e  system, we will 

start from un i t  wage a t  the  o r i g i n  of time. Then, 
- 
Wo = To 

t 
and W ( t >  = e ( E - 8 )  

- 
W(t) = 'T e'' . 

0 

The volume of consumption, a t  any i n s t a n t ,  i s  equal t o  

/21 
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where f;(t) i s  given by eq.(9). 

If R, denotes 

t h e  consumption of 

t h e  share  of t h e  cap i t a l  revenue i n  the  t o t a l  consumption, 

wages, i n  volume, will be 

1 - a - 
e - (l-Rc)(l-i)i 1-a ( 5 )  E t  

n 
- w h i l e  i t s  value w i l l  be equal t o  t h e  mass of wages W(t) given by eq.(15). 

t h e  p r i c e  p e r  u n i t  product will become 

Thus, 

1 - a - 
(16) 1-a B ( x . ) l - a ) - l  p = ((l-~~)(l-i)i n .  

E 

11.2 Receints  and Production Cost of Enterpr ises  

To eva lua te  t h e  s i t u a t i o n  of enterpr ises ,  we W i l l  use t h e  c l a s s i c a l  ar t i -  

f i c e  which c o n s i s t s  i n  assuming t h a t  the economy i s  cons t i t u t ed  of e n t e r p r i s e s  

having t h e  same behavior and being t o t a l l y  v e r t i c a l l y  in t eg ra t ed  with respect  

t o  t h e  production of materials necessary f o r  t h e i r  operation, of  which t h e  only 

two expense items are the  acqu i s i t i on  of production implements and t h e  payment 

of wages; these  l a t t e r  W i l l  cons t i t u t e  t h e  only current  expense i t e m  of exploi- 

t a t i o n .  

For each en terpr i se ,  t h e  balance r e l a t i v e  t o  t h e  investment r ea l i zed  a t  

t h e  time 8, a t  each in s t an t ,  Will exactly r e f l e c t  t h e  balance of a l l  e n t e r p r i s e s  

t h a t  have made investments a t  t h e  same time 8. 

e s t a b l i s h  one genera l  balance sheet.  

/22 

Thus, it Will be s u f f i c i e n t  t o  

The volume of investments rea l ized  a t  t h e  t ime 9, p e r  unit time, i n  accord- 

ance wi th  eqs.(S) and ( s a )  w i l l  be 

1 - 
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To these  investments t h e r e  corresponds an e f f e c t i v e  [see eqs.(3) - (3a)I of 

whose cos t ,  i n  wages, i s  equal t o  t h e  time t, a t  NQ(t )  T(9 ) ,  i.e., 

W O ( t )  = g * . ( B B + ( € - B ) t )  (18) 

o r ,  i f  d represents  t h e  age of t h e  equipment placed i n t o  se rv ice  a t  t h e  time 9, 

we have t = 0 + d and 

W g ( t )  = e E O  + ( E - B ) d  

T h i s  investment and this manpower, when combined, y ie ld  t h e  t ime-invariant  pro- 

duction volume p e r  u n i t  t i m e  over t h e  e n t i r e  dura t ion  0,  8 + d: 

of a value of p P(Q), i.e., 

Then, t h e  r a t i o  of t h e  production value t o  t h e  wages will be 

T h i s  r a t i o  i s  independent of  0, which is  t h e  date of p lac ing  t h e  investment 

i n  work, and depends only on its age. 

nomenon over a s ing le  period, f o r  which  we Will s e l e c t  8 = 0. 

ment, r ea l i zed  a t  t h e  t ime 8 = 0, we have 

/23 
‘Thus, it i s  s u f f i c i e n t  t o  study t h e  p h e  

For t h e  invest-  

These expressions i n d i c a t e  t h a t ,  whereas t h e  production has a constant  

value, the’wages paid f o r  t h e  constant e f f ec t ive ,  ensuring this production, in- 
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crease  exponentially with t h e  rate B - 3. 
s i v e l y  reduced, leading t o  a moment at which t h e  wage expenditure ( cu r ren t  ex- 

pense) Will exceed the  r ece ip t s .  

The exp lo i t a t ion  bene f i t  i s  progres- 

This moment depends on t h e  value of  Re. 

For example, f o r  t h e  adopted values of cy = $, B = 0.01, c = 0.06, and f o r  
- 
To = 100, using t h e  optimum value of I..!+ years  f o r  D, we obtain 

0.05d T(0) = 7 , 6 5 7  

V ( P ( 0 ) )  = 1 3 , 1 3 7  ( 1 - R  I-’. 
Wo(d) = 7 , 6 5 7  e 

C 
a 

For R, = 0, i.e., i f  no p r o f i t  i s  drawn from t h e  c a p i t a l  ( a t  each i n s t a n t ,  

t h e  t o t a l i t y  of t h e  c a p i t a l  revenues are re invested,  which would be charac te r i s -  

t i c  f o r  operat ion of a communist economy o r  f o r  a c a p i t a l i s t  economy i n  i d e a l  

competition i n  which t h e  wages a r e  not saved), t h e  r a t i o  

v P ( 0 )  - 13,187 c-0.052 Wo(d) - 7 , 6 5 7  

.is equal t o  1, i.e., t h e  production cost i s  equal t o  the  r ece ip t s ,  f o r  

i.e., f o r  d = U. years .  

t h e  en te rp r i se s ,  i n  this economy under optbum management would have t o  op- 

erate a t  a loss during 20$ of t h e  time. 

Since t h e  optimum Lifetime of t h e  equipment i s  UL years,  

/21; 

This c o n s t i t u t e s  t h e  j u s t i f i c a t i o n  f o r  a n o n e q l i c i t  p o s t u l a t e  by S.G. 

S t r o d l i n e  (Bibl.12) according t o  whom, i n  a 8 % o c i a l i s t i c f t  economy, a l l  business  

e n t e r p r i s e s  would have t o  operate  for  a c e r t a i n  t h e  a t  a lo s s  so as t o  give 

themselves a chance t o  await t h e  l a t e s t  t echn ica l  progress,  i n  which case t h e  

l o s s e s  a t  t h e  end of the  per iod would be  compensated by t h e  resultant advantage 

of  having a more productive equipment. This viewpoint would have t o  be some- 

what modified s ince  a l l  en terpr i ses ,  even of t h e  s o c i a l i s t i c  type, must maintain 

adequate production t o  ensure operation of government agencies, h e a l t h  services ,  
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n a t i o n a l  education, armed forces,  and i n d i r e c t l y  productive se rv ices  whose con- 

s u p t i o n  must be placed i n t o  t h e  category Re .  

pursue this top ic  s ince  it would go. bejiond o u r  subjec t  matter. 

However, we Will not f u r t h e r  

Figure 1 shows t h e  s i t u a t i o n  of r ece ip t  and cos t  as a func t ion  of R, during 

successive renewal per iods  of equipment, f o r  a given production value, using t h e  

parameters of t h e  preceding example. 

r e c e i p t s  over expenses a t  t h e  end of t h e  optimal exp lo i t a t ion  period, depends 

on t h e  va lue  of R,, i.e., on t h e  respective shares  of wages and c a p i t a l  i n  t h e  

consumption o r  on t h e  rate of gain of the e n t e r p r i s e  i n  question. ConversekT, 

This diagram i n d i c a t e s  t h a t  t h e  excess of 

i 
1 I 

I I I ! 
I 1 I 

L 

0 1 4  '2.8 4 2  Time 

Fig.1 Cost of Production and Receipts f o r  a Production of Constant 
Value, during Successive Periods of Equipment Renewal 

t h e  reduction i n  operating cos t  by renewal of t h e  equipment i s  t o t a l l y  dete- 

mined by t h e  pl-iysical data of t h e  econonl).; i t  i s  obvious t h a t  t h e  optimal l i fe-  

t h e  can be accura te ly  defined (no matter a t  what d i s t r i b u t i o n  of t h e  product 

which i s  a- soc io logica l  datum) by t h e  differer,ce between t h e  production cos t  of 

t h e  equipment t o  be obsoleted and t h e  production cos t  of t h e  equipment replacing 

it. 
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11.3 Ratio of Capital t o  Production (Capital  - Outgut Rat io1 

The volume C(0) of t h e  c a p i t a l  invested a t  t h e  ins tan t  0,  given by eq.(17) 

when e q l o i t e d  by t h e  manpower e f f e c t i v e  

w i l l  produce, i n  volume, at any i n s t a n t  t ( 6  t x 8 + D) ,  
a - 

From these  r e l a t ions ,  we der ive the value of t h e  r a t i o  

/26 

Since,  i n  our  model, t h e  p r i c e  p e r  u n i t  product and t h a t  p e r  u r5 t  c a p i t a l  am 

equal, t h e  quant i ty  P w i l l  a l s o  represent t h e  r a t i o  of t h e  value of t h e  c a p i t a l  

t o  t h e  value of t h e  output.  

It is  obvious t h a t  this r a t i o  i s  constant i n  t h e .  T h i s  result, which 

should not  be su rp r i s ing  s ince  we have accepted t h e  hypothesis of a n e u t r a l  

t e c h n i c a l  progress  f o r  t h e  e n t i r e  economy, requires f u r t h e r  explanation. 

us note  t h a t  the  volume of t h e  c a p i t a l  pe r  unit manpower 

Let 

1 - 

gene ra l ly  increases  with t h e  time since, f o r  an economy i n  expansion, we have 

B > 0 .  Each l abor  unit thus  has an increasing quant i ty  of ma te r i e l  a t  i t s  dis- 

pos i t i on .  However, i n  an economy which inves t s  a constant  po r t ion  of i t s  t o t a l  

revenue, t h e  excess of consumer goods resu l t ing  from t h e  growth car, only be 
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absorbed, a t  constant p r i ces ,  by an  increase i n  wages. 

such t h a t ,  t ak ing  t h e  demographic growth i n t o  consideration, t h e  t o t a l  mass of 

wages i n  each of t h e  i n d u s t r i e s  cons t i tu t ing  t h e  economy, will represent  - a t  

each i n s t a n t  - a given f r a c t i o n  of t h e  production. 

This i nc rease  must be 

L e t  us a l s o  no te  t h a t  t h e  ratio p does no t  depend on t h e  d i s t r i b u t i o n  of /27 

t h e  consumption between c a p i t a l  revenue and l a b o r  revenue. 

p ropor t iona l  t o  i which i s  p a r t  of t he  inves ted  revenue. 

optimal rate i e x i s t s ,  f o r  which t h e  consumption i s  m a x i m a l  a t  each i n s t a n t .  

Thus, f o r  an economy t h a t  has a t t a ined  maturity, a c a p i t a l i s t i c  optimum ( t h e  

term used by A l l a i s )  o r  an  optimal value of p exists. The optimal value of D 

i s  approximately equal t o  K/E. Consequently, t h e  value of * = 1 - e’ED = - 1 - 
- e” i s  p r a c t i c a l l y  constant under optimal management, and t h e  optimal value 

of D i s  inve r se ly  propor t iona l  t o  t h e  rate of growth. 

Conversely, p i s  

We have seen t h a t  an 

For an economy a t  a growth rate of F: = 0.06, eq.(20) y i e l d s  a value of p 

equal t o  1.90 f o r  t h e  optimal values of i and 3, i.e.,  i = 0.20 and D = l.4 

years.  

twice as low, i.e., at  c = 0.03, t h e  value of p w i l l  be 3.80. 

According t o  our above statements, f o r  ari economy wi th  a growth r a t e  

This r e s u l t  corresponds r a t h e r  well t o  t h e  empir ica l  r e s u l t s  obtained i n  

t h e  American economy where genera l ly  a mean growth rate of 3% i s  expected, so 

t h a t  t h e  value of p f l u c t u a t e s  around a value of 3.50. 

I n  conclusion, t h e  following statements can be made: 

1) The c a p i t a l  - output r a t i o  cannot g ive  a p i c t u r e  of t h e  degree of 

development of a c e r t a i n  economy, s ince  i t  i s  r e l a t i v e l y  constant i n  

time. 

showing a value of 3.87 i n  1890 and of  3.35 i n  1956, t h e  f i p u r e s  

f luc tua ted  between these  two values over a period of 66 years. 

According t o  an empirical study made i n  t h e  USA (Bibl. l3),  
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2) The c a p i t a l  - output ratio i s  lower t h e  more rap id  t h e  t echn ica l  

progress becomes. 

I11 DFICACITY OF II\TV"STI~~JTS /28 

111.1 Def in i t ion  of Absolute Eff icac i ty  of  an Investment 

Because of t h e  l i m i t a t i o n  of cap i t a l  which, on t h e  n a t i o n a l  plane, cor re-  

sponds t o  t h e  f a c t  t h a t  t h e  manufacturers of production equipment have a l i m i t e d  

capacity,  t h e  entrepreneur can never r e a l i z e  maximum gain. Such ob jec t ive  could 

be a t t a i n e d  only i f  he had available unlimited sums f o r  investment. The t o t a l i -  

ty  of f i n a n c i a l  r e s t r i c t i o n s ,  t h e  uncertainty of f u t u r e  results, are respons ib le  

f o r  t h e  f a c t  t h a t  t h e  various en terpr i ses  cannot enjoy t h e  r e a l i z e d  gain t o  i t s  

abso lu te  measure. 

b e n e f i t s  a g a i n s t  t h e  c a p i t a l  t o  be invested f o r  i t s  r e a l i z a t i o n .  

c a t o r  of t h e  degree of p rospe r i ty  of a given business thus i s  t h e  y i e l d  of in- 

vested c a p i t a l ,  i.e., i t s  e f i i c a c i t y .  

The important po in t  fo r  such e n t e r p r i s e s  i s  t o  weigh these  

The t r u e  indi-  

The e f f i c a c i t y  of  a given investment i s  equal t o  t h e  rate of a c t u a l i z a t i o n  

which equal izes  t h e  ac tua l i zed  sum of  the n e t  r e c e i p t s  of opera t ion  r ea l i zed  

during t h e  e n t i r e  l i f e  of t h e  c a p i t a l  and t h e  i n i t i a l  value of t h e  lat ter.  

Reasoning a p a r t  f r o m  this, i.e., i f  t h e  balance of n e t  r e c e i p t s  i s  estab- 

l i s h e d  every year, t h e  e f f i c a c i t y  a of t h e  c a p i t a l  C ( inves ted  a t  t h e  o r i g i n  of 

t h e )  and of t h e  duration of D years, procuring a ne t  opera t ing  income R, over  

t h e  course of t h e  yea r  t, will be defined by t h e  r e l a t i o n  

(22) 
Rt 't = D 

t = a 1  ( l + a )  t 
c =  1 

I n  f a c t ,  eq.(22) represents  t he  a c t u a l  value of D a n n u i t i e s  with an i n t e r e s t  
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r a t e  equal t o  a. 

today. Inversing this problem, i.e., res tor ing  C and t h e  annui t ies ,  t h e  

quant i ty  a will represent  t h e  i n t e r e s t  r a t e  at  which t h e  sum C would have t o  be 

placed f o r  giving t h e  same r e s u l t  as our investment. 

i s  equal t o  t h e  annual y i e l d  of our capi ta l ,  i.e., t o  i t s  e f f i c a c i t y .  

These annu i t i e s  thus  are equiva len ts  of a c a p i t a l  C a v a i l a b l e  

/29 

Thus, i t  i s  obvious t h a t  a 

Reasoning i n  continuity,  i.e., i f  t h e  balance i s  es tab l i shed  a t  any moment 

and i f  R ( t )  r epresents  t h e  n e t  income p e r  u n i t  t i m e  a t  t h e  time t, then t h e  

e f f i c a c i t y  of t h e  c a p i t a l  will be defined by t h e  value of a, such as t h e  r e l a t i o n  

t = D  
dt . -at c =  1 R(t) e 

t = O  

We can reason here i n  constant e f f i c a c i t i e s ,  s ince  we are d iscuss ing  t h e  

case of an  exponential  model. 

of growth, t h e  e f f i c a c i t y  would be a function a ( t )  derived from a f u n c t i o n a l  

It should be noted t h a t ,  within o t h e r  hypotheses 

r e l a t i o n  obta ined  from t h e  adopted regime of growth. 

111.2 Calcu la t ion  of Absolute Ef f i cac i ty  within t h e  Frame of 
a Growth Triode1 and t h e  System of P r i ces  Defined i n  
Sec t ions  I and I1 

According t o  eq.(23), f o r  ca lcu la t ing  t h e  e f f i c a c i t y  i t  i s  s u f f i c i e n t  t o  

know t h e  value of t h e  investment and the  corresponding operating r e s u l t s .  

A t  t h e  i n s t a n t  8, a volume of c a p i t a l  C ( 0 )  given by eq.(17) i s  invested.  

Let t h e  value of this c a p i t a l  be equal t o  p C(8) so t h a t ,  according t o  /30 
eqs . ( lb)  and (17), we have 

T h i s  investment y i e l d s  a production volume defined b,y eq.(20) having a 

value of 
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1 E O  p .  P O ( t )  = - 1.2 d e 
1 - R  1-i B y 

C 

The e f f e c t i v e  T(8), a l l o t t e d  t o  t h e  investment C(@), rece ives  a wage given by 

e q 4 W  
- 

The ne t  income w i l l  thus  be equal t o  p Po( t )  - Wo(t), i.e., 

According t o  eq.(23), t h e  e f f i c a c i t y  a w i l l  be defined by t h e  r e l a t i o n  

On in t eg ra t ing ,  we ob ta in  a re la t ion  independent of 0 which i s  t h e  da t e  of  

p lac ing  t h e  investment i n  question and which cannot be resolved by a lgebra ic  

calculus .  Therefore, f o r  a c e r t a i n  number of values of a, we w i l l  ca l cu la t e  

t h e  value of  R,  f o r  which eq.(26) is ver i f ied .  

r e l a t i o n  between R, and a. 

T h i s  will y i e l d  t h e  graphic 

Ekpanding eq.(26) i n  a series, we obtain 

. 
/31 It i s  of some i n t e r e s t  t o  def ine  the manner i n  which a var ies ,  f o r  a 

given value of Ca, as a function of the l i f e t i m e  D of t h e  equipment,. Table 1 

gives  t h e  values of Ca f o r  d i f f e r e n t  values of a and D, at i = 0.20, E = C.06, 

R = 0.01. 

Table 2 gives  the  values of R ,  for  d i f f e r e n t  values of a, i n  an economy 

under opt imal  management, i.e., i n  an economy i n  which t h e  rate of investment i 
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and t h e  lifetime of t h e  equipment, a t  each i n s t a n t ,  y i e l d  t h e  maximum t o t d l  

product 

TULE 1 

1. 

D 0 .06  0.10 0.15 0 . 2 0  0 . 2 5  0 .30  .\ a 

7 0.3C 3.06 5.36 1 0 . 5 4  1 5 . 3 1  20.34 

10 0.11 3.16 8.02 ' 1 3 . 8 8  2 0 . 6 8  2 8 . 3 2  

VALUES OF R, IN PEilCEV'T OF THE REVENUE CONSLKED AS A 
FUNCTION OF a ND D FOR c = 0.06 

! 1 4  1 0 . 1 6  3 . 4 8  

20 0.06 3.80 

I 
9 . 5 1  1 7 . 5 1  r 2 7 . 1 8  

9 . 9 1  2 0 . 3 1  34.87 

'These results demonstrate t h a t  no rate of e f f i c a c i t y ,  determined i n  an /32 
econoxv under optimal management, is i n  existence.  

c a p i t a l s  depends on t h e  p r i c e  l e v e l  which, i n  turn,  depends on t h e  share  of t h e  

c a p i t a l  income i n  t h e  t o t a l  c o n s n i t i o n .  This share results from pure ly  s o c i a l  

f a c t o r s ,  from t h e  s t rugg le  f o r  t h e  a t t r i b u t i o n  share  of t h e  product. 

f i c a c i t y  of  c a p i t a l  t hus  i s  not defined by t h e  conditions of optbum, as stipu- 

l a t e d  by T4.Allais (Bibl.l&) who s t a t ed  t h a t  t h e  optimal in te res t  rate i s  equal 

t o  t h e  growth rate of t h e  resources, i.e., i n  t h e  f i n a l  a n a l p i s  t o  t h e  growth & 

i n  labor .  

The e f f i c a c i t y  of  inves ted  

The ef- 

. 

According t o  our model, t h e  e f f i c a c i t y  (o r  t h e  i n t e r e s t  rate, i n  t h e  

terminology of X . U a i s )  i s  equal t o  t h e  rate of growth of t h e  resources only 

i n  t h e  s p e c i f i c  case i n  which 
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1) no t echn ica l  progress t akes  place, 

2) t h e  noninvested revenue is consumed i n  t o t a l i t y  by t h e  wages. 

VALUES OF R, (IN PERCDJT OF CONSuZJ3D REVENUE) AS A FUKCTION OF a, 
IN aT ECO€IOl.IY AT OPTIItAL F;AI'JAGEl'ZTJT, FOR VARIOUS VALliES OF c 

The r e s l d t s  of Table 2 i n d i c a t e  t h a t ,  i n  an e c o n o q  under optimal manage 

ment, t h e  e f f i c a c i t y  i s  equal t o  t h e  growth r a t e  of revenue (which, because of 

t h e  t e c h n i c a l  progress, i s  g r e a t e r  than t h e  growth rate of t h e  resources),  pro- 

vided t h a t  t h e  wages consume t h e  t o t a l i t y  of t h e  a v a i l a b l e  income. 

holders of t h e  c a p i t a l  consume a p a r t  of t h e i r  revenues, t h e  e f f i c a c i t y  Will be  

g r e a t e r  than  t h e  growth rate. 

If t h e  

The r e l a t i o n  between e f f i c a c i t y  an3 R, i s  p l o t t e d  
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i n  Fig.2, f o r  various values of e 

BJ a d i f f e r e n t  approach, we again encounter t h e  r e s u l t s  obtained bj E.Ivialin- 

mud: tThe i n t e r e s t  rate exceeds t h e  e q a n s i o n  r a t e  i f  t h e  consumption, corre-  

l a t e d  with t h e  c a p i t a l  income, exceeds the  savings e f f ec t ed  on t h e  revenues of 

t h e  primary f ac to r s .  If t h e  revenues of t h e  c a p i t a l  a r e  saved i n  t o t a l i t y  and 

t h e  revenues of t h e  primary f a c t o r s  are  consumed i n  t o t a l i t y ,  t h e  two rates will 

be equal" (Bibl.15). 

111.3 Calculation of t h e  Relat ive Ef f i cac i ty  of Investment 

If, under t h e  e f f e c t  of technica l  progress,  eqxipment of optimim productivi-  

t y  i s  created,  t h e  replacement of obsolete equipment by new equipKent i s  condi- 

t ioned by t h e  i n t e r e s t  t h a t  this subs t i tu t ion  represents .  

dl1 permit a saving of f u t u r e  operating cos t  but, i n  t h e  immediate present ,  

Will r equ i r e  investment expenditures. 

an econom based on operat ing cost and t h e  volume of investment t h a t  i s  re- 

sponsible  fo r  this economy, which y ie lds  a measure of t h e  gain of operation. 

Such a s u b s t i t u t i o n  

& 
T h i s  c o n s t i t u t e s  t h e  co r re l a t ion  between 

Similar t o  t h e  way i n  which we d e f h e d  t h e  a b s o h t e  e f f i c a c i t y  of in-"rest- 

ment by t h e  rate of ac tua l iza t ion ,  which equal izes  investment and n e t  income, 

we can a l s o  def ine the  r e l a t i v e  e f f i cac i ty  of an investment intended t o  replace 

an obsole te  p iece  of equipment by the  ac tua l iza t ion  rate a' which equal izes  t h e  

cos t  of this investment and the  sm of the  operat ing savings obtained because 

of t h e  replacement of obsole te  equipment by new equipment. 

If Z, denotes t h e  n e t  ecor,omy during uni t  time o r  t h e  i n f e r i o r i t y  of t h e  

obsole te  equipment a t  t h e  t ime t and i f  C, denotes t h e  cos t  of replacement 

equipment, then t h e  r e l a t i v e  e f f ic iency  a' W i l l  be defined by t h e  r e l a t i o n  



Fig. 2 

a' - Xelative e f f i cac i ty  of investment i n  

Values of 2, as a Function of 
a - Kosolute e f f i cac i ty  of inves"aents 

an ecorioxny a t  op t i ca l  mnagenent 
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where D i s  the  l i f e  of t h e  replacement equipment. 

If one reasons i n  continuity,  t h e  r e l a t i v e  e f f i c a c i t y  will be defined by 

I n  Section 11.2, we have demonstrated t h a t  t h e  e f f e c t i v e  

having t o  do with t h e  investments made a t  t h e  time 8 ,  y i e l d s  a production & 

U -  - 
I-u 

iul 0 E O .  P , ( t )  = (7) - e  R 

The e f f e c t i v e  p e r  &?it prociu.ct thus will be 

OL - -- 

Since t h e  cos t  of operation i s  represented i n  t o t a l i t y  by t h e  wages i n  our  

i n d u s t r i e s  of t o t a l  v e r t i c a l  integrat ion,  t h e  exp lo i t a t ion  cos t  p e r  mi t  pro- 

duct, a t  t h e  t ime t, for an equipment ready f o r  work a t  t h e  t ime @ W i l l  then be 
U - -  

and, if d i s  the  age of t h e  equipment, t = 8 + a and 

a - -  
1-a 

i Y  ( ~ - 8 ) d  C ( d )  = ( y )  e 

The c o s t  of explo i ta t ion  p e r  i init  product i s  independent of  t h e  date of c rea t ion  
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o f  t h e  investment and depends only on the age of this investment. 

If a given equipment, of age D, i s  replaced by a new equipment, t h e  o l d  

equipment, as soon as t h e  new equipment reaches t h e  age d, dll have t h e  age 

D + d i f  i t  had not been replaced. The saving r ea l i zed  wi th  respec t  t o  t h e  

e x p l o i t a t i o n  cos t  p e r  u n i t  time, due t o  replacement of a given equipment of 

age D by a new equipment, w i l l  thus be equal t o  

a 
1-a 

- -  

an  expression which y i e l d s  t h e  i n f e r i o y i t y  of t h e  o l d  equipment wi th  respec t  /36 
t o  t h e  new equipment i f  t h e  l a t te r  i s  of t h e  age d. 

If a' denotes t h e  r e l a t i v e  efficiency, then  t h e  a c t u a l  value, a t  t h e  t h e  

d = 0 (which i s  t h e  moment a t  which the replacement investment i s  r ea l i zed ) ,  o f  

t h e  sum of  t h e  savings r ea l i zed  during t h e  l i f e t i m e  D of this investment Will be 
d 

On t h e  o t h e r  hand, eq.(Z-c) y i e lds  t h e  value of t h e  investment whose produc- 

t i o n  i s  given by eq.(20). The cos t  of investment p e r  u n i t  product dl1 thus  

a become - -  1 i I iv 1 - a  I1 = - 1 - R  1-i 7 
C 

)33' equating eqs.(28) and (29),  we ob ta in  t h e  r e l a t i o n  

Table 3 gives  t h e  values of R, as a func t ion  of a', f o r  d i f f e r e n t  values 
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of e, i n  an economy under optimum management. 

TABU 3 L22 

111.4. Zela t ion  between Relat ive Ef f i cac i ty  and Absolute 
E f f i c a c i t y  of Investment. i n  an Econom,, a t  
OD t imal Manaaemen t 

From eqs.(26) and (30 ) ,  we can derive t h e  co r re l a t ion  between r e l a t i v e  and 

absolu te  ey f i cac i ty  of investment. 

manner, cannot be solved e i t h e r  with respect t o  a o r  t o  a' 

t o  be s a t i s f i e d  with a graphica l  p lo t t i ng  of a' as a funct ion of a. 

The i m p l i c i t  equation, obtained i n  this 

Thus, we W i l l  have 

If, i n  /38 
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r 

Fig.2, Re i s  p l o t t e d  as a funct ion of a', t h e  correspondence between a and a' 

w i l l  be obtained f o r  a given value of E on i n t e r s e c t i n g  t h e  two curves R e  = 

= f ( a )  and Re  = f (a '  ) by horizontals  corresponding t o  t h e  d i f f e r e n t  values of 

Re. The obtained resu- l t  i s  p l o t t e d  i n  Fig.3. 

This diagram represents  a r e s u l t  t h a t  had been completely unexpected a 

p r i o r i .  

t h e  absolu te  e f f i c a c i t y .  

means t h a t ,  f o r  a given l i f e  of t h e  equipment, t h e  absolu te  e f f i c a c i t y  w i l l  be 

lower t h e  higher t h e  r e l a t i v e  e f f i cac i ty  w i l l  become or ,  expressed d i f f e ren t ly ,  

t h e  p r i c e  level Will be lower t h e  grea te r  t h e  r e l a t i v e  e f f i c a c i t y  of investment. 

The r e l a t i v e  e f f i c a c i t y  of investment va r i e s  i n  inve r se  proport ion to  

The former decreases when t h e  l a t t e r  increases .  T h i s  

I n  thinking it over, t h i s  r e s u l t  i s  r ead i ly  explained. 'de have shown t h a t  

t h e  reduct ion i n  operat ing expenditures, a t  t h e  moment of replacing a p i ece  of 

equipment t h a t  has become obsoleted by modern equipment, i s  a f a c t o r  of economy, 

independent of t h e  share  of t h e  revenue consumed by t h e  holders  of  t h e  c a p i t a l  

or, i n  o t h e r  words, independent of t h e  p r i c e  l eve l .  

equipment cos t  which r e s u l t s  i n  this fixed reduction of t h e  operat ing cos t  will 

i t s e l f  be low and i t s  r e l a t i v e  e f f i c a c i t y  will be high. 

If this share  i s  low, t h e  

This throws a new l i g h t  on t h e  famous discussion by Terborgh (Bibl.16) on 

This author  assimilates the  r e l a t i v e  e f f i c a c i t y  t o  t h e  i n t e r e s t  this subjec t .  

cos t  and, with respect  t o  t h e  r e l a t i v e  e f f i c a c i t i e s  of t h e  order  of 40 - 50% & 
and even loo$ required by American indus t r i a l s ,  speaks of "astronomic i n t e r e s t  

rat e s 1'. 

Our results show t h a t  t h e  r e l a t i v e  e f f i c a c i t i e s  of 40 and 100% correspond 

t o  abso lu te  e f f i c a c i t i e s  of t h e  order  of LO - l5$, f o r  growth rates of 6 and 

12$, respec t ive ly .  

t h e  p r a c t i c e  of American i n d u s t r i a l s  seems e n t i r e l y  acceptable.  

Apparently, until more de t a i l ed  information can be received, 
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Fig.3 E f f i c a c i t y  a' as a Function of the  Absolute E f f i c a c i t y  a, 
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111.5 Recovery Iaq 

The concept of recovery l a g  o r  recession i s  a commonly used term a t  present .  

I n  t h e  eyes of t h e  i n d u s t r i a l i s t ,  this concept has t h e  advantage of being ' bo re  

expressive!? than t h e  term of r e l a t i v e  o r  absolu te  e f f i c a c i t y  which, f o r  proper  

ca l cu la t ion ,  requi res  t h a t  t h e  r e l a t i v e  evolut ion of p r i c e s  over t h e  e n t i r e  l i f e  

of t h e  investment, ir, p r o j e c t  and i n  duration, must be known. 

techniques do Rot progress  i n  a continuous manner, so t h a t  this dura t ion  obvi- 

The production 

ously cannot be known beforehand. 

The recovery l a g  i s  equal t o  t h e  r a t i o  of t he  annual economy procured by a 

For example, i f  t h e  re- replacement investment t o  t h e  cos t  of this investment. 

covery l a g  i s  equal t o  two years ,  this would sinply mean t h a t  t h e  inves t iga t ed  

sums w i l l  be !?recovered" within two years because of t h e  operat ing savings 

rea l ized .  It i s  immediately obvious why this concept i s  more I n  

appeararce,  t h e  coricept reduces the  r isk of inves t ing .  Since, w i th in  a rela- 

t i v e l y  short time, a t  t h e  end of  t h e  recovery l ag ,  t h e  business would gratui-  

t ous ly  own a modern and new piece  of equipment, t h e  operat ion of replacement 

would seem a t t r a c t i v e  and t h e  entrepreneur would proceed with it. 

Nhat are t h e  usual  recovery l a g s  i n  an econoxry under optimal management? /1,0 

Equation ( 2 7 ) ,  p e r  u n i t  product, represents  t h e  i n f e r i o r i t y  of t h e  operat ing 

c o s t  of a given investment of age i) + d with r e q e c t  t o  t h e  investment of age d 

rep lac ing  t h e  former. A t  t h e  time of replacement, d = 0; this i n f e r i o r i t y  or 

t h e  savings realized during t h e  first year  following t h e  replacement, W i l l  be 

a 
1-a 

equal  t o  - -  
- 1) E(D) - E(O) = (9) @ €-BID 

The cos t  of investment p e r  un i t  product i s  given by eq.(29). According t o  
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i t s  de f in i t i on ,  t h e  recovery l a g  

Table 4 gives  t h e  values of 

will thus be 

A as a func t ion  of R,, i n  an econoqy under 

optimal management, f o r  var ious  values of e .  

delays  are s h o r t e r  a t  lower values of  R,, i.e., t h a t  t h e  abso lu te  e f f i c a c i t y  of 

investment i s  low. 

spondence exists between t h e  recovery lag of a replacement investment and i t s  

abso lu te  e f f i c a c i t y .  

wi th  respec t  t o  t h e  r e l a t i o n  between r e l a t i v e  and absolu te  e f f i c a c i t i e s .  

The Table i n d i c a t e s  t h a t  t h e s e  

Equations (36) and (32) a l s o  show t h a t  a d e f i n i t e  corre- 

'de could here repeat po in t  by po in t  t h e  above discussion 

The resultant values a l s o  i n d i c a t e ' t h a t  t h e  values given by American in- 

d u s t r i a l i s t s  ( recess ions  of 1 - 4 years) are e n t i r e l y  co r rec t  and t h a t  t h e  

c r i t i c i s m  by Terborgh, relative t o  t h e  l ow value of t hese  delays, seems un- 

founded . 
111.6 Def in i t i on  of Wos t  of Obsolescencer1 

!Ve demonstrated above t h a t  an optimum exists f o r  t h e  l i f e  of a p i ece  of 

equipment and t h a t  t h e  optimal l i f e t i m e  i s  s h o r t e r  t h e  more r ap id  t e c h n i c a l  

progress  proceeds. 

each i n s t a n t .  

t o t a l  product i s  p ropor t iona l  t o  t h e  ra te  of t echn ica l  progress.  

this f a c t ,  a rapid t e c h n i c a l  progress i s  a highly des i r ab le  event. 

For this l i f e t ime ,  t h e  t o t a l  product reaches a e u m  a t  

On t h e  o t h e r  hand, it was a l s o  demonstrated t h a t  t h e  growth i n  

Because of 

Since, f o r  a given rate of technical progress,  t h e  product passes  through 

a maximum f o r  a given l i f e  of t h e  equipment, this l i f e t i m e  must be shortened t o  

approach t h e  optimal Lifetime if t h e  technica l  progress inc reases  more r a p i d b .  

Under these  conditions,  t h e  reduction i n  l i f e  of t h e  equipment does no t  
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seem t o  e n t a i l  a loss but r a t h e r  t o  cons t i t u t e  an advantage s ince  t h i s  reauc- & 
t i on ,  as a consequence of t echn ica l  progress, W i l l  l ead  t o  a growth i n  t o t a l  

product. 

If t h e  t o t a l  product, obtained at a given moment, is p l o t t e d  i n  a diagram 

L i f e  of equipment 
D, 



as a funct ion of t h e  equipment l i f e ,  this product Will pass  through a maximum 

f o r  t he  value 5, 
operat ion.  

discarded. 

l i m i t  5 (up t o  an age of 

r e s u l t .  

equipment beyond i t s  optimal l i f e t i m e  i s  known as t h e  cos t  of obsolescence. 

This represents  t h e  cos t  on t h e  e n t i r e  economic sca le ,  which must be a l loca t ed  

t o  t h e  r e t en t ion  i n  serv ice  of equipment t h a t  has reached i t s  phase of obso- 

lescence.  

Any piece  of equipment of an age below 5 w i l l .  be kept i n  

Equipment of an age higher than 5, having become obsolete ,  must be 

If such equipment, desp i te  a l l  this, i s  kept i n  se rv i ce  beyond.the 

f o r  example) a reduction i n  t o t a l  production will 

The loss  produced by excessive extension of t h e  se rv ice  per iod of any 

So f a r  as t h e  var ious indus t r i e s ,  considered individual*, are concerned, 

ca l cu la t ions  of  t h e  e f f i c a c i t y  of investment, as a funct ion of t h e  r e l a t i v e  

consumption share  R, i n  t h e  c a p i t a l  income, demonstrate t h a t  it i s  always pos- 

s ib l e ,  i r r e s p e c t i v e  of t h e  equipment l i fe ,  t o  obtain a given value of IZ,. 442 
For t h i s ,  i t  i s  s u f f i c i e n t  t o  e s t ab l i sh  a consequent p r i c e  l e v e l ,  

The above discussions show t h a t  an acce lera t ion  of t echn ica l  progress  cannot 

"ruin t h e  indus t r i a l i s t s l t ,  even i f  such acce le ra t ion  i s  resented by them as a 

generator  of l o s s e s  s ince  it necess i t a t e s  replacement of equipment of increas-  

ingly recent  age and s t i l l  i n  pe r fec t  phys ica l  production condition. However, 

this loss  i n  r e a l i t y  merely i s  a purely f i c t i v e  "absence of gain1r. I n  f a c t ,  an 

extension of equipment l i f e  would punish t h e  i n d u s t r i a l i s t s  themselves, by re- 

ducing t h e  t o t a l  production volume and thus t h a t  po r t ion  of t h e  revenue which 

they consume. 
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Lyk 

"The work done in preparing t h e  Fourth Plan has  focused genera l  a t t e n t i o n  

on t h e  t h r e a t  t o  our domestic i ndus t ry  produced by foreign investment. 

of t h e  balance of payments has shoprn a s l i g h t  gain of 2.9 mi l l i on  f r a n c s  f o r  

p a t e n t s  i n  1960 and a l a r g e  d e f i c i t  of 218 mil l ion  f o r  manufacturing l icenses .  

From this, it can be concluded t h a t ,  although France has a considerable innova- 

t i o n  power which shows i n  a p o s i t i v e  balance of t h e  rrpatentll account, i t  i s  

g r e a t l y  d e f i c i e n t  i n  t h e  s e c t o r  of exploit ing ideas  and u t i l i z i n g  t h e  discov- 

e r i e s  and inventions.  

l ead  i n  1965 LO a d e f i c i t  of at  least  360 m i l l i o n  i n  our  balance of  'pa ten ts  

and l i censes ' .  

t h e  i n d u s t r i a l  l e v e l ;  it i s  mandatory t o  t a k e  cognizance of this s i t u a t i o n  which 

th rea t ens  t o  become catastrophic:  

a c t i v e  and f lou r i sh ing  t echn ica l  research will permit u s  t o  maintain ou r  posi- 

t i o n  i n  a world i n  f u l l  expansion." 

A study 

The s i tua t ion ,  i f  nothing i s  done t o  remedy it, Will 

Progressively, France w i l l  become a t r i b u t a r y  of  fo re igne r s  on 

Our very independence i s  menaced and only an 

'de are quoting from a statement by t h e  PIinister of S t a t e  i n  Charge of 

S c i e n t i f i c  Research and Atomic and Space Problems, made i n  an address t o  the  

C i v i l  Engineers of France. 

Among t h e  various government measures f o r  a s s i s t i n g  indus t ry  i n  bas i c  re- 

search, f i s c a l  measures a r e  t h e  oldest and t hus  o f f e r  a p o s s i b i l i t y  f o r  in- 

v e s t i g a t i n g  t h e i r  e f f icacy .  

/& 

U n t i l  1914, t h e  products received by inventors  e i t h e r  through sale o r  

3:' Chief Engineer, General E l e c t r i c  Co.; Group Leader of I n d u s t r i a l  Affairs. 
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assignment, through l icens ing ,  explo i ta t ion  of t h e i r  pa ten ts ,  trademarks, pm- 

cesses, manufacturing formulas, e t c .  a l l  were considered gain subJec t  t o  taxes. 
- 

A preliminary b i l l  f o r  a l a w  $0 be introduced concerns A r t i c l e  9 of b w  

No.h-8-809 of  liay 13, 19/18, exempting from taxes t h e  income received by inven to r s  

through sale o r  assignment of t h e i r  patents.  

Ten yea r s  l a t e r ,  t h e  ordinance I'Jo.58-882 of September 5, 1958, r e l a t i v e  to 

t a x  ru l ings  f o r  s c i e n t i f i c  and technica l  research p r o j e c t s ,  s t i p u l a t e d  

( A r t i c l e  6)  t h a t  t h e  assignment of pa ten ts  ( o r  t h e  l i cens ing  of p a t e n t s )  w i l l  

(subsequently) be recorded at a fixed fee. Thus, long before the  au tho r i t i e s  

and pub l i c  opinion had become aware of t h e  enormous d ispropor t ion  e f i s t i n g  be- 

tween t h e  means a l loca t ed  i n  France t o  s c i e n t i f i c  research and those  a v a i l a b l e  

t o  t h e  Great Powers (USA, USSR), t h e  l e g i s l a t o r s  became concerned with promoting 

bas i c  research, whose na tu re  i s  non-profit re turn ing  i n  t h e  immediate p re sen t  

and highly ambiguous i n  long-term yield (with respec t  t o  this i t e m ,  we refer 

t h e  reader  t o  a recent  a r t i c l e  by S.%Pedraglio: 

ness of Research f o r  t h e  Entrepreneur", published i n  t h e  Wahiers  d?&udesr1 

T h e  Concept of P ro f i t ab le -  

R0.l). 

This r a i s e s  t h e  question whether t h e  warited e f f e c t  has ever been reached. 

We be l i eve  t o  be J u s t i f i e d  i n  s t a t ing  t h a t  s t imula t ion  of research by t h e  

above-mentioned measures has been extremely s l i g h t .  

r e n t l r  are t h e  following: 

The main reasons appa- /4-6 

A s s i v e n t  i s  r a r e l y  used as t h e  ordinary mode of t r a n s f e r  of inventions: 

On t h e  one hand, t h e  inventor  p r e f e r s  almost always t o  s p e w l a t e  as t o  t h e  in- 

d u s t r i a l  worth of his invent ion  and i t s  commercial success. Ins tead  of a rela- 

t i v e l y  low down p a p e n t  f o r  his unexploited and f requent ly  une,rploitable invent ion  

i n  development work, he p r e f e r s  - even i f  it means waiting f o r  gears o r  never 
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seeing a t ang ib le  r e s u l t  - a payment i n  t h e  form of annual roya l t i e s ,  sub jec t  

t o  t h e  commercialization of t h e  objec t  of t h e  invent ion  o r  of t h e  manufacturing 

process of t h e  f i n a l  product. 

although f i n a n c i a l l y  tempted t o  acquire a l l  r i g h t s  of an unexploited invent ion  

f o r  a r e l a t i v e l y  low p r i ce ,  p rac t i caQ always p r e f e r s  not t o  t a k e  t h e  r i s k  of 

o u t r i g h t  buying - even a t  a low p r i c e  - an invention which might no t  be suc- 

cess fu l ;  he usua l ly  i s  more ready t o  agree t o  a staggered mode of payment over 

a longer  per iod  of time, even if t h e  f i n a l  cos t  will be much higher, so long as 

i t  remains propor t iona l  t o  t h e  comerc ia1  success: To buy f o r  a cash o u t l a 7  of 

100,000 f r ancs  a nonexploited pa t en t  which has r a t h e r  poor chances of r e s u l t i n g  

i n  a r ap id  and p r o f i t a b l e  i n d u s t r i a l  explo i ta t ion  i s  much less safe than t o  pa;-y, 

over a per iod  of 10 years,  a t o t a l  of 100,OOG f r ancs  each yea r  f o r  t h e  same in- 

vention, s t a r t i n g  from t h e  moment at which, a f t e r  being commercialized, t h e  in- 

vention y i e l d s  su re  ga ins  which generally are qui te  above t h e  royaltg i t s e l f .  

On’ t h e  o t h e r  hand, t h e  buying i n d u s t r i a l i s t ,  

140 one ever  has attempted t o  conc i l i a t e  t h e  f i s c a l  advantage connected v n t h  

pa t en t  assignments, based on t h e  Law o f  1948 r e f e r r i n g  t o  t h e  a s s igne r  o r  t h e  

Ordinance of 1958 r e fe r r ing  t o  t h e  assignee, wi th  t h e  f i n a n c i a l  advantage con- 

nected with paTyments propor t iona l  t o  t h e  explo i ta t ion .  

mentioned wi th  respec t  t o  this subject t h a t  t h e  F i s c a l  Administration, based or. 

a doc t r ine  appmved a t  numerous occasions by t h e  S t a t e  Council, has  l e d  to.ex- 

cessi-.re u n c e r t a i n t i e s  i n  con t r ac t s  signed under these  premises, because of 

successive and rigorous in t e rp re t a t ions .  I n  f a c t ,  t h e  Administration has de- 

veloped a theor,T according t o  which an;~ ,d i rec t  o r  i n d i r e c t  p a r t i c i p a t i o n  of t h e  

inventor  i n  t h e  exp lo i t a t ion  of his invention, a f t e r  i t s  assignment, W i l l  make 

h i m  l o s e  the  b e r e f i t  of t h e  above-mentioned t a x  exemption. 

However, i t  should be 

Spec i f i ca l ly ,  t h e  Admir-istration, i n  impl ica t ion  of t h e  text, has  r u l e i  



t h a t  an i n d i r e c t  exp lo i t a t ion  of patents, p o s t e r i o r  t o  t h e i r  assignment, i s  

exerted by minority shareholders who hold important func t ions  i n  t h e  f i r m  of  

t h e  assignee o r  inventors  h i red  b y . t h e  assignee as engineers and rece iv ing  a 

renuneration based on a percentage of the income derived from t h e  assigned 

pa ten ts .  

had t h e  d e s i r e  t o  make c e r t a i n  t h a t  such assignments Will not camouflage ordi-  

nary inc reases  i n  salaries o r  r o y a l t i e s ;  h o a v e r ,  it must a l s o  be emphasized 

t h a t  it i s  important and common f o r  assignee firms t h a t  t a k e  t h e  r i s k  of buying 

unexploited pa ten ts ,  t o  make c e r t a i n  of t he  cooperation of t h e  inventor  himself 

f o r  p r a c t i c a l  development of t h e  assicTed invention. 

are n a t u r a l  persons foreign t o  t h e  assignee firn, who usua l ly  engage t h e  

se rv ices  of these  inventors  under consultant cont rac ts .  A t  t h e  moment a t  which 

a renuneration of t h i s  na ture  would threaten a lo s s  of b e n e f i t  of t h e  above law 

and ordinance f o r  t h e  inventor,  t h e  assignment n a t u r a l l y  becomes extremely dif-  

f i c u l t  t o  conclude s ince  usua l ly  t h e  inventor re fuses  a consultant con t r ac t  so 

as t o  r e t a i n  t h e  tax advantages cornecteci w i t h  t h e  pa t en t  assignment; i n  t h a t  

case, t h e  i n d u s t r i a l i s t  will n a t u r a l l y  subordinate t h e  a c q u i s i t i o n  of p a t e n t s  

of t h e  inven to r  t o  t h e  ensurance of receiving his cooperation i n  developing t h e  

invent ion  p o t e n t i a l  i n t o  an i n d u s t r i a l l y  f e a s i b l e  p ro jec t .  

It i s  of course j u s t i f i e d  t h a t ,  i n  t h i s  matter, t h e  Administration 

Such inventors  genera l ly  

These reasons and numerous o the r s  a r e  responsible f o r  t h e  f a c t  t h a t  busi- 

ness e n t e r p r i s e s  ( cons t i t u t ing  j u r i s t i c  persons) who are i n t e r e s t e d  i n  exploita- 

t i o n  of invent ions  conceived @r t h e  inventors ( c o n s t i t u t i n g  n a t u r a l  persons),  /1,8 

i f  they have not  neglected t o  t ake  advantage of t h e  above-aentioned f i s c a l  t e x t s ,  

have simiAtaneously not made ex tens ive  use of assignment as a node of p a t e n t  

a c q u i s i t i o n  because of t h e  r e s t r i c t i o n s  which - not without v a l i d  reason - have 

been placed by t h e  Law-Laking 3od-y and by t h e  Administration on a p p l i c a t i o n  of 
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t h e s e  texts, wlhich has g r e a t l y  diminished t h e  advantages which they had intended 

t o  confer on t h e  interestec? p a r t i e s .  

A second r ev i s ion  of t h e  l a w . ( L a v r  Ko.62-873 of  Ju ly  31, 1962) may have been 

in sp i r ed  by t h e  abovementioned f a c t s ,  s ince  it exenpts f r o n  t axes  a l l  income 

from t h e  assigrxnent o r  E c e n s i n g  of in-entions,  pro-vided t h a t  t h e  t h r e e  follow- 

i n g  conditions are m e t :  

a )  %?;e graritinp: of t h e  l i c e n s e  must be exclusive; 

b )  The l i c e n s e  m w t  extend over the  l i f e  of t he  pa t en t ;  

c )  The product of t h e  l i c e m e  must be r e a p p l i e d  i n  the  form of im- 

mobilization w5tkLn t h e  enterprise,  before exp i r a t ion  of a per iod  of 

t h ree  years  counting from the er,d of tlie f i s c &  g e a r  ( A r t i c l e  4~ of 

t h e  C.G.I.", modified by A r t i c l e  28 of t h e  Law of J u l y  31, 1962 and 

Xote of t h e  D.G.I."). 

The F i s c a l  Administration, i n  in t e rp re t ing  t h e  readings i n  t h e i r  more re- 

s t r i c t i v e  sense, r u l e s  t h a t  t h e  l i cense  gran t ing  be economically equi7:alent ir. 

a l l  p o i n t s  t o  an assignment. This has mainly l e d  t o  t h e  following: 

1) The exclusiveness must be absolute. 

t o  gran t  no l i c e n s e s  t o  a second cofitractor but, i n  additior, - accord- 

i ng  t o  t h e  AdiiLnis5ration - c z  a l s o  not g ive  an exclusive l i c e n s e  of 

a c e r t a i n  agp l i ca t ion  of his invent ion  t o  a first con t r ac to r  and another 

exclusive l i c e n s e  of another a2p l i ca t ion  of his pa ten t  t o  a second */'.9 
conkractor. 

The a s s igne r  must agree r.ot only 

I n  addition, he also I s  forbi*3en t o  e q l o i t  t h e  inven- 

t i o n  OR his own. 

absence of no t  only a l e g a l  texCv but even of any l e g a l  precedence. 

f a c t ,  i n  French law arl flexclusive l icense**  merely means t h a t  ''a con- 

-::- C G I  = General T a x  Code; De1 = General T a x  Decree. 

This i n t e r p e t a t i o n  seems abusive, i n  view of t h e  

In 
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cession i s  given t o  a s ingle  person, n a t u r a l  o r  j u r i s t i c ,  f o r  a 

given t e r r i t o r y  during a determined period, e i t h e r  f o r  manufacture 

under exclusion of s a l e , o r  f o r  sale under exclusion of  manufacture 

o r  else, if both are combine5, f o r  only a p o r t i o n  of  t h e  invention, 

f o r  various por t ions ,  o r  fo r  t h e  t o t a l i t y  of t h e  invention". 

concept of exclusiveness thus i s  by no means incoinpatible wi th  l i m i -  

t a t i o n s  i n  time and space, with respec t  t o  app l i ca t ion  and mode of 

exp lo i t a t ion  of  t h e  invention. 

I n  addi t ion,  according t o  the i ioctrine w:?Lch p r e v a i l s  i n  France a t  

present ,  t h e  pa ten tee  who grar,ts an exclusive l i cense ,  agreeing by 

The 

/ t h i s  very f a c t  not  t o  grant  m o t h e r  l i cense ,  r e t a i n s  - unless ex- 

prgss ly  s t i p u l a t e d  otherwise - his personal  r i g h t  of  exploi ta t ion.  

Any renunciat ion of  this r i g h t  does not  necessa r i ly  presume (Bibl.17, 

3.3, 1 9 )  

2) a requirement t h a t  t he  contract  of concession contain no reso lu t ion  

suscept ib le  t o  provoke i t s  expi ra t ion  before  exp i r a t ion  of t he  

l icensed  pa ten ts .  

It seems t o  us t h a t  t he  lawmaker merely had t h e  in t en t ion  t o  have 

t h e  inventor  t i e  himself down, without subterfuge, u n t i l  expi ra t ion  

of t he  pa t en t  without, however, depri-dng him of h i s  r i g h t s  of /5c 
proceeding aga ins t  t h e  l icensee.  

t h e  Administration i s  no t  too severe i n  re fus ing  tax r e l i e f  t o  t h e  

l i cevse r ,  by s t i p u l a t i n g  the  conventional cox l i t i ons :  "The cont rac t  

will cease t o  be val id ,  even before  exp i r a t ion  of t h e  pa ten ts ,  i n  

cases  i n  3Jhich i t  appears that  i n f r i n g e r s  i n t e r f e r e  with the  l i c e r a e e  

i n  his exp lo i t a t ion  o r  i f  the l i cense r ,  unable t o  counteract such 

Ve are asking ourselves  whether 



infringement, p r e f e r s  t o  cancel t h e  contracts'. 

3)  a requirement t h a t  t he  re-application take p lace  i n  the  form of im- 

mobil izat ion wi th in  the  enterpr ise ,  before  expi ra t ion  of a per iod  of 

th ree  years  dat ing from t h e  end of t h e  f i s c a l  year .  

It i s  obvious t h a t  both na tura l  and  j u r i s t i c  persons r a r e l y  a r e  ab le  t o  

s a t i s f y  a l l  of these  conditions.  

t h e  l e g i s l a t o r s ,  15 years  ago, ha=! been concerned mainly with a s s i s t i n g  t h e  

inventor  i r  his capaci ty  as a na tu ra l  person, any pe r s i s t ence  i n  this d i r e c t i o n  

would today cons t i t u t e  a de l ibe ra t e  disregard, under the  banner of important 

human f a c t o r s  i n  the  moral order, of the revolu t ion  t h a t  has taken p lace  i n  t h e  

economic order .  

Despite t h e  f a c t  t h a t  t he re  i s  no doubt t h a t  

Research, whether bas ic  o r  applied, with very r a r e  exceptions, because of  

t h e  enormous expenditure i n  men and mater ia l  required,  i s  no longer within t h e  

reach of t h e  ind iv idua l  o r  ever, of groups of individuals .  

search continues t o  exceed the  f a c i l i t i e s  of medim-size en te rp r i se s  and rev.ains 

access ib l e  only t o  l a r g e  firms, f i n a l l y  exceeding t h e  f a c i l i t i e s  of even l a r g e  

business  and becoming access ib le  only t o  t h e  S t a t e  in i t s  var ious forms, which, 

i n  turn,  will give way t o  supranational organizat ions.  

From i a y  t o  lay,  re- 

So far as domestic p r i v a t e  industry wi th  research labora tory  f a c i l i t i e s  /rl 
i s  concerned, which the  1961,. l eg i s l a tu re  n u s t  encourage p a r a l l e l  with o the r  

concerted government ac t ion  i f  t he  s c i e n t i f i c  independence of t h e  country i s  t o  

be preserved i n  accordance with the  terms es tab l i shed  by t h e  1 ; in i s te r  i n  Charge 

of  Research, t he  follovnnF; poin ts  should be reca l led :  

- Such firms should undertake research w i t h  t h e  l eg i t ima te  hope of 

a r r iv ing  at  invent ions susceptible t o  feed t h e i r  production means K L C , ~  

improved and novel products, which are thus exempt from r o y a l t i e s  t o  
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be paid t o  foreign firms; they a l s o  should re fuse  t o  gran t  l i c e n s e s  

t h a t  are exclusive p e r  se, except na tu ra l ly  i f  invent ions  are i n  

question t h a t  p e r  chance.have t o  do with technica l  f i e l d s  far  removed 

from the  usual  area of a c t i v i t y  of t he  business e n t e r p r i s e  i n  question. 

- They should voluntar i ly  grant exclusive l i censes  t o  fo re ign  count r ies  

provided t h a t  no l o c a l  production mits are avai lable ,  but  they must 

be f r e e  t o  subdivide t h e i r  inventions, appl ica t ion  by appl ica t ion ,  so 

as t o  be ab le  t o  s e l e c t  contract  pa r tne r s  t h a t  a r e  most competent i n  

e i t h e r  of t h e  areas. 

- They should increas ingly  exchange m u l t i l a t e r a l  l i censes ,  i n  which case 

they would be forced t o  accept o r  gran t  nonexclusive l icenses .  

- They should not  t i e  themselves t o  a given par tner ,  even if he i s  w e l l  

known t o  them, f o r  a period l a s t i n g  as long as t h e  l i f e  of a pater-t  

(15 - 20 years ) ,  a t  a time at which c e r t a i n  techniques become obsolete  

within f i v e  years  a?c! a t  which,  because of various fus ions  and ab- 

sorpt ions,  t h e  pa r tne r  of today may, within a few months, change i n t o  a 

competitor o r  even an adversary. 

- They a l s o  should no t  t i e  themselves down f o r  per iods of such length ,& 
with t h e  only aim of benefi t ing fron; tax exemptions, o f  which one can- 

no t  even be sure  whether they w i l l  remain i n  fo rce  t h e  same lenFth of 

time. 

- I n  view of t h e  Treaty of Rome which i s  i n  force a t  present ,  they should 

avoid beinp suspected of forming prohib i ted  t r u s t s  by grant ing ex- 

c lus ive  l icenses ;  on this  point, t he  domestic d i r e c t i v e s  and the  in- 

t e r n a t i o n a l  t rends are i n  d i r ec t  opposit ion.  

- They should re-apply the  col lected r o y a l t i e s  t o  reduce the  cos t  p r i c e  



of imniobilization which, i n  the f i n a l  analysis ,  comes down t o  subject-  

i n g  such r o y a l t i e s  t o  taxes  at a more o r  l e s s  rapid pace, depending 

on whether t he  immobilization can be amortized a t  a lower o r  higher 

rate; t h e  firns, except i n  the case of l a rge  en terpr i ses ,  cannot use 

such re-application f o r  nondepreciable ( land) o r  p a r t i c i p a t i o n  i n +  

mobil izat ion (more than 20% of t h e  cap i t a l ) .  

I n  conclusion, t he  only subs tan t ia l  t a x  advantage t h a t  t h e  l i c e n s e r  of 

p a t e n t s  can enjoy i s  t h a t  of  t h e  elimination of t h e  f e e  f o r  l e a s e  of l.l+O$, a 

cancelat ion which, because of am Administrative concession, covers a l s o  t h e  

grant ing of l i c e n s e s  f o r  manufacturing processes t h a t  are not  patented. 

I n  an’ar t ic le  published i n  1962 under t h e  t i t l e  of Wenace t o  t h e  French 

Chemical Industrytv,  Aftalion wrote t h a t  f i s c a l  l e g i s l a t i o n ,  i n  i t s  present  

state, induces the  i n d u s t r i a l i s t  t o  prefer ,  over the constant gamble of research 

on an i n d u s t r i a l  scale ,  t h e  secu r i ty  involved i n  acquiring a l i cense .  

he s p e c i f i c a l l y  mentioned t h a t  t h e  roya l t ies  paid by the  French i n d u s t r i a l i s t  ,& 

t o  t h e  l i c e n s e r  (most o f t en  a foreigner)  can be deducted from h i s  ne t  income 

and thus lower the  amount of t axes  t o  be paid,  whereas t h e  r o y a l t i e s  received 

from a l i c e n s e  t h a t  t he  same i n d u s t r i a l i s t  g ran t s  t o  t h e  same foreign firm a r e  

corsidered c a p i t a l  gain and thus  are subject t o  a tax of 50s. 

t h a t  t h e  S t a t e  thus deb i t s  himself w i t h  50;: of t h e  r o y a l t i e s  paid by France t o  

fore ign  count r ies  and c o l l e c t s  50:: of the revenue received i n  t h i s  form by 

France from foreign countr ies .  

I n  f a c t ,  

He concludes, 

Although this example i s  s l i g h t l y  forced, i t  nevertheless  emphasizes the  

discrepancy between the  d e s i r e  of independence so frequent ly  expressed by the  

Government and the  contrary e f f e c t  of some measures i n  fo rce  a t  present .  

!7 i le  wai t ing f o r  a thorough reform of French l a w  i n  mat te rs  of i n d u s t r i a l  
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property,  i t  would be highly des i rab le  i f  - f a r  from suppressing an a i d  which 

i s  judicious i n  p r i n c i p l e  and, up t o  now, quite l imi t ed  i n  i t s  e f f e c t  - t he  

Administration and t h e  lawmakers would manage this properly and rap id ly  come t o  

t h e  a i d  of an indus t ry  which i s  a t  present being accused of neglect ing scien- 

t i f i c  research but  which, with i t s  l imited p o t e n t i a l  and i t s  s t r a t i f i e d  margins 

of gain, carinot alone stem t h e  r i s i n g  t i d e  of fore ign  pa ten ts ,  s p e c i f i c a l l y  

American, which i s  the  l o g i c a l  outcome of t h e  enormous i n d u s t r i a l  p o t e n t i a l  o f  

t h e  USA, t h e  high l e v e l  of i t s  p r o f i t s ,  t h e  l a r g e  s i z e  of p r i v a t e  research 

budgets, and t h e  extensive support granted by t h e  Government which, i n  i t s e l f ,  

i s  a t  l e a s t  equal t o  the  p r i v a t e  e f fo r t .  

SPECIAL DISPOSITIOn’S FOR I i Z S W C H  A C T I V I T B  
BY BUSINESS EiJTZXPRISZS 

A c e r t a i n  number of measures of  a f i s c a l  o rder  have been taken i n  favor  of 

research a c t i v i t i e s ,  s p e c i f i c a l l y  those by Ordinance 20.58-882 of Sept .25, 1958, 

Decree Xo.59-218 of February 2, 1959 and t he  r e c t i f i c a t i v e  Finance Law f o r  1962, 

No.62-873 of July 31, 1962. Sone of these d i spos i t i ons  are of spec i f i c  i n t e r e s t  

f o r  t h e  management of Fa ten t s  and exploi ta t ion l icenses .  

I. DEDIJCTIGK OF OPEBATIXG ZXF‘EXSE ALU)CATED ‘1% FIESM2CH 

The amount of operat ing expenditure, having t o  do with s c i e n t i f i c  o r  techni- 

c a l  research operations,  i s  deiiuctible i n  t h e  income tax of n a t u r a l  persons o r  

tax on corporations,  with respec t  t o  short-term ga in  duririg t h e  calendar year  

o r  f i s c a l  year  during which such expenditures were incurred ( A r t i c l e  236 of t h e  

General T a x  Code). 



A s  opera t ing  expenditure only t h a t  cos t  i s  deduct ib le  t h a t  t r u l y  represents  

an exp lo i t a t ion  e q e n s e ,  which excludes any sums spent on immobilization which 

can be amortized only over t h e i r  usefu l  l i f e  (see Section 11, below). 

I1 . EXCEPTIONAL Ab:O2TIZATION OF EQUIFKE2JT USED FOR l?.JSEARCH 

Enterpr i ses  t h a t ,  with respec t  t o  s c i e n t i f i c  o r  t echn ica l  research opera- 

t i ons ,  f a l l  i n t o  t h e  category defined by t h e  decree of t h e  S t a t e  Council on 

investments i n  buildings,  equipment, and  t oo l s ,  are allowed - from t h e  f i r s t  

yea r  of such investment - an exceptional amortization, deductible from taxes, 

equal t o  505 of t h e  cos t  p r i c e  of these  investments, i n  which case t h e  remaining 

value of such investments can be amortized over t h e  se rv ice  l i f e .  

T h i s  acce le ra ted  deprec ia t ion  schedule was i n s t i t u t e d  by t h e  ordinance of 

September 25, 1958 ( A r t i c l e  39-5-A of the General Tax Code) and revised, wi th  

respec t  t o  r e a l  estate, by A r t i c l e  23 of t h e  Law of J u l y  31, 1962 (no t  y e t  

codi f ied  t o  da te ) .  

a) Amortizatior. of Buildinps Used i n  Research 

Accelerated deprec ia t ion  can be claimed only by e n t e T r i s e s  subjec t  t o  

corporation tax  o r  t o  income tax of na tu ra l  persons having t o  do wi th  i n d u s t r i a l  

and c o m e r c i a l  p r o f i t s ,  which excludes anyone i n  a g r i c u l t u r a l  o r  noncommercial . 

occupations. 

The builrilngs must be a l loca t ed  t o  a c t u a l  research ineeting t h e  requirements 

f ixed  by t h e  ilecree Xo.58-218 of Februarj 2, 1959 (see Appendix I). 

Tine amortization i s  equal t o  50% of  t h e  cos t  p r i c e  of t h e  investment made, 

excluding lan,d (lanci, cannot be amortized). T h i s  i s  added t o  t h e  f irst  normal 

annual deprec ia t ion  allowznce but i s  not cumulative with t h e  exceptional amorti- 



Li6 za t ion  of 255, i n s t i t u t e d  by Ar t i c l e  26 of t h e  Law of J u l y  31, 1962 f o r  

c e r t a i n  bui ld ings  constructed within the  frame of agreed operations.  

b )  Amortization of EcuiDment and Tools Used i n  Research 

a )  The benef ic ia ry  en te rp r i se s  a r e  t h e  same as those given above (see Sec- 

t i o n  IIa). 

same as those  defined by t h e  Decree of FeSruarj 2, 1959 (Appendix I). 

The conditions t o  be s a t i s f i e d  by t h e  research opera t ions  are t h e  

The amortization of 50;: i s  cumulative w i t h  t h e  deduction of 10; of t h e  cos t  

p r i c e  of c e r t a i n  investments t h a t  can be applied t o  the  gain taxable  under 

A r t i c l e  39-7 of t h e  General Tax  Code: 

equipment i s  s p e c i f i c a l l y  mentioned i r ,  the l i s t  es tab l i shed  by t h e  K i n i s t e r  of 

Finance and Economic Affairs ( A r t i c l e  4D of t h e  Appendix IV of t h e  General T a x  

Code) f o r  app l i ca t ion  of A r t i c l e  39-7. 

The materiel used f o r  research labora tory  
I 

The acce le ra t ed  deprec ia t ion  i s  equal t o  5C$ of t h e  c o s t  p r i c e  of invest-  

ment, poss ib ly  reduced by: 

t h e  amount of 105 deduction mentioned above; 

$he an0::n-i; of su r t ax  comprised i n  t h e  cos t  p r i ce ,  i f  this amount has  

been deducted from t h e  TVA" paid on t h e  sales of t h e  p a r t i c u l a r  enter- 

p r i s e .  

This i s  added t o  t h e  first annual standard deprec ia t ion  schedule. 

b )  This acce lera ted  deprec ia t ion  schedule, i n  p r i n c i p l e ,  w a s  abolished 

again by A r t i c l e  37 of kw ?:0.59-l!+?2 of December 28, 195?, wliich subs t i t u t ed  

f o r  t h i s  t h e  system of degressive investment. 

However, Ar t i c l e  5 1  of t h e  same Law enables business e n t e r p r i s e s  t o  op t  

f o r  r e t e n t i o n  of t h e  previous schedde .  Since t h e  dead1ir.e f o r  t h i s  op t ion  & 

-x- TVA = taxe sur va1eu.r ajoute; ( sur tax) .  
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has expired on Kay 15, 1960, t h e  various en te rp r i se s  will have t o  adhere t o  one 

o r  t h e  o the r  of t h e  followtng regimes: 

If they had not  exer ted t h e  option, they Will have t o  fo l low t h e  schedule 

of coxrunon t a x  f o r  degressive depreciation, codified i n  A r t i c l e  39 A of 

t h e  General T a x  Code. 

If they  had exerted t h e  option, t h e  schedule of acce lera ted  depreciat ion 

of 5O$, mentioned above, applies t o  equipment and t o o l s  acquired o r  

manufactured between January 1, 1960 and January 1, 1965 ( A r t i c l e  51 of 

t h e  Law of December 28, 1959). 

111. mCOiWING OF AGmZtTS ON ASSIGIDXdT OF PATENTS 
02 GMCTIRG OF LICENSES 

The assigning of pa t en t s  and granting of l i c e n s e s  f o r  exp lo i t a t ion  of 

p a t e n t s  mdst be recorded a i  a recording fee of 10 f r ancs  ( A r t i c l e  670-10 of the  

General T a x  Code). 

The recor3ir.g a t  a Tixed fee of 1C frarics of documents covering such opera- 

t i o n s  i s  p r a c t i c a l l y  equi-Talent t o  an exerrrp tior!. 

The Administration, i n  addi t ion,  has decided t o  extend t h e  benef i t  of  re- 

cordirg a t  a f ixed  fee t o  assigrments and grantir .& of l i censes  of i n d u s t r i a l  

property r i g h t s  (know-how, nanufactul-ii?g sec re t s ,  operat inp short-cuts, s k i l l s ,  

e t c . )  t h a t  a r e  now l i a b l e  t o  reg is t ra t ion  a t  t h e  Plational Bureau of I n d u s t r i a l  

Property.  These i n d u s t r i a l  property r igh t s  caii thus,  i n  t he  fu ture ,  benef i t ,  

i n  t h e  case  of assigrmer,t o r  concession, from the  same f i s c a l  advantages as 

those  granted t o  assignment o f  pa ten ts  a d  g r m t i n g  of exp lo i t a t ion  l icenses .  

13. ?&APPLICATION Ii.I F~iCE! ISZ  OF CERTAIN CUITAL GAINS /58 

The c?e.lu.ction of operating expeme, described i n  Section 1 above, does not  
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cancel  t h e  charac te r  of immobilization of  p a t e n t s  t h a t  can be taken ou t  as a 

consequence of research performed. 

The c a p i t a l  gain which might r e s u l t  from an assignnent of such p a t e n t s  i s  

thus  p e m i t % e d  t o  bene f i t  from t h e  re-application i n  f ranchise  of t h e  t a x  in- 

posed by Ar t i c l e  LO of t h e  General Tax Code. 

t o  t h e  realizeri  c a p i t a l  gain (i.e., t o  the sales p r i ce ) ,  increased by t h e  cos t  

p r i c e  of t h e  assigned pa ten t  (i.e.,  t n e  f r a c t i o n  of t h e  deducted cos t  of re- 

search, as described i n  Sect ion I above, which had l e d  t o  t h e  pa ten t ) .  

The sun t o  be reinvested i s  equal 

The benef i t  of r e a p p l i c a t i o n  in f rmch i se ,  codif ied i n  Ar t i c l e  I+.G of  t h e  

General T a x  Code, was extended by Art ic le  2C-I of Law Iu’0.62-~!73 of July 31, 

1962, t o  p ro f i t s  derived from grant ing o f  exp lo i t a t ion  l i c e n s e s  of pa ten ts ,  under 

t h e  following t h r e e  conditions:  

- t h a t  t h e  patent ,  f o r  t h e  granting en terpr i se ,  had t h e  charac te r  of an 

element of t h e  immobilized assets; 

- t h a t  t h e  l i c e n s e  granted was exclusive; 

- t h a t  this l i c e n s e  was t o  run f o r  t h e  e n t i r e  l i f e  of t he  pa ten t  i n  

question. 

For determining t h e  taxable  income of n a t u r a l  persons, t h e  d e f i n i t i o n  of 

noncommercial and thus  taxable  gair. appl ies  t o  a l l  products received by t h e  

inventor  e i t h e r  from t h e  grant ing o f  e q l o i t a t i o n  l i censes  of pa t en t s  o r  from 

assi,gnment o r  t r ans fe r  of trademarks, manufacturing procedures, o r  mamfacturing 

formidas ( k t i c l e  92-2 of t h e  Cierieral  ax Code). Lil 
A reduction of 307;, however, i s  appl icable  t o  these  r ece ip t s  so as t o  a l low 

fo r  t h e  cos t  incurred bj t h e  inventor  i n  cieveloping *his invent ion  ( A r t i c l e  93-2 
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of  t h e  General T a x  Code). 

To be e l i g i b l e  f o r  re-application, as defined by A r t i c l e  I+O of  t h e  General 

Tax Code, any acqu i s i t i on  of t i t l e  remitted as c o m t e r p a r t  f o r  t h e  cont r ibu t ion  

made t o  a given corporation must ensure .to t h e  cont r ibu t ing  e n t e r p r i s e  ownership 

of a t  least 205 of t h e  c a p i t a l  of t h e  corporation t h a t  has received the  cont r i -  

bution. 

However, no percentage of p a r t i c i p a t i o n  i s  required if t h e  cont r ibu t ion  

cons i s t s  e n t i r e l y  of p a t e n t s  o r  exclusive exp lo i t a t ion  l i c e n s e s  and i f  this 

con t r ibu t ion  nas beer, approved by t h e  L i n i s t v  of Finance and Zconomic Affa i r s  

( A r t i c l e  28-11 of Law 120.62-873 of Jul;. 31, 1962). 

i s  granted, i n  consideration of t h e  economic value of each ind iv idua l  operation, 

on a d d c e  by t h e  :.:amgement Council of Fun5s f o r  Economic and S o c i a l  Development 

(Appendix I1 gives  t h e  o f f i c i a l  form of p e t i t i o n  f o r  approval). 

Such approval o r  sanction 

PMT I1 

D I S P O S I T I O X S  OK C G ~ I S T I T U T I G I ~  AYD OPZRATIOK OF 
l 7 3 S U 3 C H  CO;WRATIOIIS 011 03GAI t IZATIOXS 

Besides measures of a f i s c a l  order, which have t h e  main o b j e c t  of encourag- 

i n g  research  a c t i v i t y  iri a l l  domestic business en te rp r i se s ,  a c e r t a i n  number of 

d i s p o s i t i o n s  have t h e  main p u q o s e  of f a c i l i t a t i n g ,  by a more favorable tax 

s t r u c t u r e ,  t h e  fom,ation ol  ̂ companies o r  o rganiza t ions  whose main actiTrit;r i s '  

research. 
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I. EXEXiTIOfJS FZOE TRAEJSFZE TAX ON CiBTADd 
GIFTS 03. B E W T S  

The following are exempt from,.taxes t h a t  o r d i n a r i l y  are l e v i e d  on succes- 

s ions  and donations: 

- donations and bequests t o  public establishments o r  pub l i c  u t i l i t i e s  

whose income i s  exclusively from s c i e n t i f i c  o r  non-profit work 

( A r t i c l e  1231-2 of t h e  General T a x  Code); 

- donations and bequests t o  organizations o r  pub l i c  establishments and 

pub l i c  u t i l i t i e s  whose income i s  exclu.sively from s c i e n t i f i c ,  c u l t u r a l ,  

o r  a r t i s t i c  work of a non-profit charac te r  and which have been ap- 

proved by t h e  Kinister of Finance and Economic Affairs ( A r t i c l e  1231-3 

of t h e  General T a x  Code). 

The f i e l d  of app l i ca t ion  of these  two d i spos i t i ons  d i f f e r s .  The first i s  

concerned with a proceckre of  comlon tax applLcable only t o  pub l i c  establish- 

ments o r  pub l i c  u t i l i t i e s  whose a c t i v i t y  i s  ciirected toward research. 

second d i spos i t i on  i s  appl icable  t o  lrorgar.ismsil o t h e r  t h a n  pub l i c  e s t a b l i s h e n t s  

o r  pub l i c  u t i l i t i e s  but necess i t a t ing  previous Government approval. 

The ' 

The pro- 

cedi:re t o  be followed t o  obta in  such approval i s  described i n  Appendix 111. 

l i s t  of organiza t ions  which, unti l  now, have been granted approval i s  given i n  

Appendix I V .  

The 

A - Znterpr i ses  sub jec t  t o  t a x  on income of n a t u r a l  persons o r  t o  t a x  on 

corpora t ions  are authorized t o  deduct, from the  amount of t h e i r  t axable  gair. and 

wi$hi.n t h e  lkLt of one p e r  xi1 of t h e i r  bui.siness volcme, any payments made t o  
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pub l i c  works o r  non-profit organiza3ons of a phi lanthropic ,  educational, scien- 

t i f i c ,  soc i a l ,  o r  familial character.  

For t h e  o t h e r  taxpayers, t h e  deduction i s  witkin t h e  limit of O.5CS of  the  

t axab le  income (Ar t i c l e  238a of t h e  General T a x  Code). 

This deduction, outlined i r ,  v e r j  general terms, concerns p r a c t i c a l l y  a l l  

organisms of "general in te res t" .  

research organizat ions,  it had Rot been s p e c i f i c a l l y  conceived f o r  t h e i r  bene- 

f i t .  

ALthougn A r t i c l e  238a permits  payments t o  

B - Conversely, a similar procedure, bu t  more r e s t r i c t i v e  i n  i t s  f i e l d  of 

appl ica t ion ,  exists i n  favor  of research: 

t i o n s  of A r t i c l e  238a, a l l  ente,-prises svbgect t o  tax on income of n a t u r a l  

persons o r  t o  Lax on cox-porations, a r e  authorize:! t o  deduct, from t h e i r  t axable  

pe t ,  wi th in  t h e  Limit of two p e r  m i l  of t h e i r  gross, any paTp.ents made i o  publ ic  

o r  p r i v a t e  organizat ions approved fo r  this purpose by the  Minis te r  of Finance 

and Economic Affairs, i n  v5rkue of A r t i c l e  [I. of Ordinance Xo.5G-882 of S e ~ t . 2 5 ,  

195€?, r e l a t i v e  t o  t h e  f i s c a l  as2ects  of t echn ica l  an6 s c i e n t i f i c  research 

( A r t i c l e  238a-A of  t h e  General T u  Code), 

Xithout pre judice  f o r  t h e  disposi-  

Ar t i c l e  238a-A thus  p e d t s ,  with respect  t o  the  taxable  ne t ,  a deductior, 

double t h a t  permitted by Ar t i c l e  238a. /62 
only t o  business  e n t e T r i s e s  (not t o  a l l  taxpayers)  under t h e  condi t ion t h a t  t h e  

benef i t ing  organism ha3 been prev'rously approved by t h e  8:inister of Finance. 

However, t h i s  deduction i s  granted 

A r t i c l e  238a-B expressly s t i pu la t e s  t h a t  t h e  two deductions can be cumda- 

tive. 

rn ihe  payments covered by t h i s  text are those e f fec ted  by t h e  e n t e v r i s e  as 

g ra tu i ty ,  withollt d i r e c t  c o u n t e n a r t  t o  i t s  p r o f i t ,  i n  no matter what form. 

f a c t ,  t h e  payments, subventions, and renumerations paid bj a given en te rp r i se  

I n  
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t o  a research organiza t ion  which, i n  counterpart, would f u r n i s h  c e r t a i n  presta- 

t i o n s  i n  t h e  form, f o r  example, of t e c h i c a l  advice, are normally deduct ib le  

without l i m i t a t i o n  of i t s  exploita,tion r e s u l t s .  

duction of 2 p e r  mil from t h e  gross, allowed by Ar t i c l e  238a-A, can be e f f ec t ed  

even i f  t h e  cont r ibu t ion  has been made t o  ar, organiza t ion  whose f i e l d  of  re- 

search has nothing t o  do wi th  the  a c t i v i t y  of t h e  donor en te rp r i se .  

I n  addi t ion ,  t h e  maximum de- 

Organizations t h a t  wish t o  obta in  approval f o r  t h e  obtainment of payments 

under t h e  abovedef ined  conditions, are r e f e r r e d  t o  Appenjix V f o r  t h e  procedure 

t o  follow. 

?#Je mentioned above (Sec t ion  IT, Erst por t ion )  t h a t  business e n t e r p r i s e s  

are e n t i t l e d  t o  an  acce lera ted  depreciation of 505 on investments made i n  <he 

research  sec tor .  

Code extends t h e  bene f i t  of t h i s  507; amortization t o  common s tock  acquired b2r 

p r i v a t e  o r  pub l i c  corporations and orga..izations, approved i n  this respec t  by 

t h e  I Z n i s t e r  of Finance and Economic Affairs. 

The second paragraph of A r t i c l e  39-5-A of t h e  General T a x  ,/& 

The b e n e f i t  of this amortization is extended t o  a l l  e n t e r p r i s e s  suSject t o  

tax on income of n a t u r a l  persons o r  to tax on co-Torations, even i f  they then- 

se lves  en te r t a i r .  no research a c t i x i t y .  

The investmeflt must cons i s t  of preferred s tock  of t h e  i n i t i a l  c a p i t a l  of 

an  approved corporation, which excludes t h e  following: 

- subscr ip t ion  of  bonds; 

- acqu i s i t i on  of comon stock o r  c a p i t a l  shares  bj o t h e r  shareholders 

of t h e  corporation. 

I n  t h e  case i n  which an en terpr i se  does t r a n s f e r  such stock, two ways of 
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avoiding an appl ica t ion  of t h e  already taken acce lera ted  deprec ia t ion  t o  t h e  

results of  t h e  current  f i s c a l  year  a r e t h e  following: 
I 

- e i t h e r  t o  proceed, within one year,  t o  a subscr ip t ion  o r  acqu i s i t i on  

of s tock c e r t i f i c a t e s  of t h e  same nature;  

- o r  t o  inves t  i n  o r  finance expenditures f o r  research operat ions i n  

t h e  sense of Decree Fu’o.59-218 of February 2, 1959 (Appendix I). 

Fina l ly ,  t h e  c a p i t a l  gain rea l ized  ’027 t r a n s f e r  of such s tock c e r t i f i c a t e s  

m y  bene f i t  from the  f ranchise  r e imes tnen t ,  covered by A r t i c l e  40 of t h e  

General T a x  Code, under the  condi t ions o f  comon tax s t ipu la t ed  i n  t h a t  Art ic le .  

The procedure t o  be followed f o r  obtaining the  approval, covered by the  & 

second paragraph of Ar t i c l e  39-5-11-2, i s  given i n  Appendix V i .  

A l is t  of corporations 07 organizations approved s ince  1958 i s  given ir. 

Appendix VII. 

.&;O 2TIZATIOI’I OF I2 2.103 I L E  AT IO€JS ALIOC ATED TO TECH!;IC AL 
OR SCIH?TIPIC lXZSE&?CH 

( F i r s t  Ar t i c l e  of Decree ISo.59-218 of February 2, 1959) 

S c i e n t i f i c  o r  technica l  research operations, i n  t h e  sense of t he  disposi-  

t i o n s  of Ar t i c l e  39-5-A-1 of t h e  General Tax  Code, comprise a l l  a c t i v i t i e s  having 

t h e  charac te r  of bas ic  research, applied research, o r  development operat ions 

performed e i t h e r  ir, t h e  d ra f t ing  room, compu%ing department, l abora tor ies ,  p i l o t  

p l an t s ,  experimental s t a t ions ,  o r  unc?er s p e c i a l  c i r c m s t m c e s  within a g r i c t d t u r a l  

o r  i n i u s t r i a l  i n s t a l l a t i o n s ,  having the follow5ng objec t ives :  

- Disco.Jery and development of new production techniques, new manu- 

f ac tu r ing  procedures, rLew fabr ica t ion  equipxent, per fec t ion ing  of 

ex i s t ing  equipnent, and improvement of manufacturing processes a l r e a q r  



i n  use. 

- Discovery and development of new manufacturing con t ro l  processes as 

well as perfect ioning of procedu.res and con t ro l  equipment a l rea+j  i n  

use 

- DiscoveqJ of new products f o r  novel o r  known appl ica t ions ,  as w e l l  as 

discovery of new appl icat ions fo r  already %nom products. 

- Development of new va r i an t s  o f  p l a n t  o r  animal s_r,ecies. 

- Discovery and u t i l i z a t i o n  of novel raw materials. 

- Improvement, i n  f a c t o r s  of protnct ion axc! ecoromic prof i tab leness ,  fi 
s p e c i f i c a l l y  i n  automation an2 operat ions ana lys i s  as wel l  as improve- 

ment i n  production methods and techniques, conversion and preser-ration 

of products, from v a r i o w  viewpoints of qua l i t y  of JTieli and pro-luc- 

t i v i  t y  . 
- Inprovement i n  apparatus and  techniques i n  t h e  merdical and ve te r inaqr  

f i e l d s .  

- hprovement i n  hman working and l i v i n g  conditions.  

AF'PZ'JDI;.; I1 

P;2oPORTIOI'J OF 1;;COK.E FRGK ?A'i"TS AIJD ZXCLUSIVE LICEKSES 
( ~ i e s t i o n n a i r e  t o  be Coinpletec re Applicabi l i ty  of 

Ar t i c l e  28 I1 of Lmr 1T0.62-873 of July 31, 1962) 

1 - Enterpr i se  maL5n.c t h e  contri 'mtion 

Denomination o r  firm's name 

Address o r  headquarters 

J u r i s t i c  form 

Act iv i ty  

/67 

Inve stnen t cap i t a 1  
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2 - Company receiving t h e  c o n t r i h t i o n s  

Firmcs name 

Headqar t e r s  

J u r i s t i c  form 

Ob j ec t i v e  

Investment c a 9 i t a l  

3 - 1;ati:re and value or" t h e  contr ibct ions 

4 - Xi,m.'cer and par value of stock c e r t i f i c a t e s  t o  be i s s u e 3  in representa t ion  
of cont r ibu t ions  

5 - Scheduled da te  of Dayxent o f  contribii t ions 

6 - Subs tan t i a t ion  of t h e  ne t t t io r .  

Date a n i  Signature  

T~is quest ionnaire  must be conipletel i r  11 copies by t h e  en te rp r i se  m k i n g  

t h e  cont r ibu t ion  and mirst be addressed t o  t h e  Gmeral Comnissariate of  t k e  

Xquipnent and Proiuct iviky Plar,, 18, !he IIartignac, P a r i s  7 ' .  

@PZ:DIX 111 

DJilATI0;:S XID ZXQLESTS Kl SC12LTI?IC KOLPROFIT PROJXTS 
( Q;estior,naire t o  be Corqleted re Appl icabi l i ty  of 

A r t i c l e  1231-3 of the General Tzx Code) 

1 - ilesiFZation of or,Fanization 0: establishment 

genorinat  i on  

Address o r  headcparters 

J u r i s t i c  form 

Gh 5 ec t i v e  

/ts 

Sp o n so r i r! ,g a p eri cy 

2 - 2 e s o k e s  of t h e  orEarizat ion o r  e s t a b l i s h e n t  
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Amount and source of income of t h e  p a s t  yea r  

Detailed a l l o c a t i o n  of r ece ip t s  of  t h e  p a s t  year. 

Enumerate t h e  s c i e n t i f i c  works t o  which t h e s e  r e c e i p t s  refer, i n d i c a t i n g  

for each ind iv idua l  pro jec t :  

- i t s  exact d e f i n i t i o n ;  

- reasons f o r  which i t  should be considered as having a non-profit 

charac te r  ; 

- amount of money involved. 

T h i s  questionnaire, i n  f o u r  copies, must be addressed t o  t h e  General D e l e -  

ga t ion  f o r  S c i e n t i f i c  a d  Technical Research, 103 Rue d e  l 'Universit6,  P a r i s  y e .  

APPENDIX I V  

N"TI0NS AND BEQUESTS TO IIOIuTROFIT SCIEI3TIFIC PROJECTS 

Below, we g ive  t h e  list of organizations o f f i c i a l l y  approved under 

A r t i c l e  1231-3 of t h e  General T a x  Code: 

E f fec t ive  
Date of 
b P r o V d  

Jan.12, 1960 

Designation of Organization 

Fondation Rggionale de l t a e s t  de l a  
Ligue Contre l e  Cancer ('viestern 
fiegional Foundation of t h e  Anticancer 
League), Hospices Pontchaillou, 
Rennes 

Fondation Curie (Curie Foundation) 
26 Rue d'Ulm, Par is  5" 

I n s t i t u t  de Recherches s u r  l e  Cancer 
de I i i l l e  (Cancer Research I n s t i t u t e  
of L i l l e ) ,  C i t 6  Hospitalikre, LLlle 

I n s t i t u t  dQptique Th6orique e t  
bpLiqu6e ( I n s t i t u t e  of Theoretical  
and &pl i ed  Optics), 3 Blvd Pasteur,  
P a r i s  15" 

63 

Period of 
Val id i ty  of 
ADD rova l  

Sept.25, 1958 t o  
Dec.31, 1963 

Sept.25, 1958 t o  
Dec.31, 1963 
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3f f e c t i v e  
l a t e  of 
ipproval 

Designation of Organization 

~ ~~~~ 

I n s t i t u t  Pasteur de Li l le  (Pas teur  
I n s t i t u t e  of E l l e ) ,  20 B l v d  
louis XIV,  Lille 

Association Claude Eernard (Claude 
Bernard Association), 3 Ave 
Victoria,  P a r i s  4-" 

Centre Xational de la Recherche 
S c i e n t i f i p e  (National S c i e n t i f i c  
Research Center), 13 @ a i  Anatole 
France, P a r i s  7" 

I n s t i t u t  Gustave Roussy (Gustave 
Roussy I n s t i t u t e ) ,  16a Ave Paul 
Va i l l an t  Couturier, V i l l e  juif 

Association pour l e  D6veloppement 
de l a  Recherche Ihkiicale F r a y a i s e  
(Association f o r  t h e  Development 
of French 1,:edical Research), 
60 Slvd Latour I.:aubourg, P a r i s  7" 

I n s t i t u t  National d f ~ g i ' e n e  (National 
Hygiene I n s t i t u t e ) ,  3 Rue L&on 
Bonnet, P a r i s  16" 

I n s t i t u t  P a s t e m  de P a r i s  (Pasteur 
I n s t i t u t e  of Par i s ) ,  23 and 28 Rue 
du Docteur Iloux, Pa r i s  15e 

Period of 
Va l id i ty  of 
Approval 

I n s t i t u t  Pasteur de Lyon (Pas teur  
I n s t i t u t e  of Lyon), 77 Ru.e Pasteur, Lyon 

Les Fondateura e t  P ro tec t eu r s  de 1 ' I n s t i t u t  
Catholique de Paris (Founders and P ro tec to r s  
of t h e  Catholic I n s t i t u t e  of P a r i s ) ,  
21 Rue dTAssas, Par i s  6" 

I 

For cont r ibu t ions  and bequests given 
t o  t h e  following four  research  labora- 
t o r i e s :  

1 - Plant  Physiology Laboratory 
2 - Botany Laboratory 
3 - Inorganic Chemistry l a b o r a t o r j  
4 - Orgakc  Chemistry Laboratory 



Effec t ive  
Date of 
Approval 

May 2, 1960 

Earch 16, 1961 

APPENDIX V 

- 

Period of  

Approval 
Designation of Organization Validity of 

Fonda;tion Jos6g e t  Re& de Chambrun 
(Josee  and Rene Chmbrun Foundation), 
Courpalay, S. &. fC. 

Association Guillaume Bud6 (Guillaume 
Bud6 Association), 95 Blvd Raspail, 
P a r i s  7" 
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PADiFJiTS 7'0 RESEARCH O F G ~ K t Z A T I O I ~ S  

( Q ~ e s t i o n n a i r e  t o  be Completed re b p l i c a b i l i t y  of 
A r t i c l e  238a-A of the General Tax  Code) 

1 - J u r i s t i c  s t r u c t u r e  of t h e  o rwniza t ion  

Designation 

Address 

J u r i s t i c  form 

If applicable,  founding organizations 

Name and qua l i f i ca t ions  of t h e  members of t h e  board of d i r e c t o r s  

Does t h e  organiza t ion  have f i n a n c i a l  autonoqy? 

Is t h e  organization e n t i t l e d  t o  rece ive  d i r e c t  fund t r a n s f e r s ?  

If negative, give name of organization e n t i t l e d  t o  rece ive  fund t r a n s f e r s .  

Ind ica t e  t h e  exact wording under which payments Wi l l  be made. 

2 - General na ture  of a c t i v i t y  of t h e  orm.nization 

Does t h e  organiza t ion  have a p r o f i t  motive? If yes, what i s  t h e  a l l o c a t i o n  

of i t s  p r o f i t ?  

Who are t h e  b e n e f i c i a r i e s  of i t s  a c t i v i t y ?  

>hat was t h e  source of i t s  income during t h e  preceding year? ( I n d i c a t e  

t h e  percentage, on t h e  one side,  of a l l  assessments, subventions, donations and, 



o n  t h e  o t h e r  side, renumeration f o r  services rendered.) 

Ind ica t e  na ture  of a c t i v i t y  of t h e  organization. Indicate,  i n  percent  of  

t h e  t o t a l  expense, t h e  po r t ion  of this expense a l loca t ed  t o  

- s c i e n t i f i c  research, Jn2 
- t r a i n i n g  o r  teaching, 

- o t h e r  a c t i v i t i e s  ( i temize)  . 
If appl icable ,  g ive  reasons why the firm should be c l a s s i f i e d  as a public- 

i n t e r e s t  o rganiza t ion  o r  ;c1 organization of  c o l l e c t i v e  p ro fes s iona l  ac t ion .  

3 - A c t i v i t i e s  of t h e  o r m n i z a t i o n  i n  the research  f i e l d  

Does t h e  organization conduct research on i t s  own o r  does it f inance  re- 

search done by o the r  organizations? 

If applicable,  def ine  t h e  respective po r t ions  of in-house research and 

e x t e r n a l  research. 

If t h e  organization performs research on i t s  own account, g ive  t h e  follow- 

ing data:  

- t o t a l  amount of e x i s t i n g  investments, 

- personnel employed (research and non-research), 

- annual cos t  of research  services, 

- na tu re  of research  performed, 

- respec t ive  po r t ions  allocated t o  research  and management. 

If t h e  organization f inances  ex te r io r  research, g ive  a l i s t  of t h e  bene- 

f i c i a r y  organiza t ions  receiving payments, amomt of such payments, and na tu re  

of  t h e  research  done. 

p e r s o r n e l  connected with t h e  financing organization. 

If applicable,  s t a t e  whether this research  i s  done by 

I n d i c a t e  poss ib l e  auxiliary j u s t i f i c a t i o n s  t h e  organiza t ion  i s  a b l e  t o  

subinit f o r  subs t an t i a t ing  i t s  p e t i t i o n  f o r  approval. 
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T h i s  questionnaire,  i n  four  copies, must be addressed, t oge the r  with a 

copy of  t h e  s t a t u t e s ,  t o  t h e  General Delegation f o r  Technical and S c i e n t i f i c  

Research, 103 Rue de lTUniversit6, P a r i s  7 " .  

APPENDIX Vi 

ACCELEXATED FIFTY P&?CDJT AI:ORTIZATION OF CAPITAL SHAiW 
OF XESEAILCH COIIIPAIJIES 

(Questionnaire t o  be Completed re Appl icabi l i ty  of 
A r t i c l e  39-5-A-2 of the General Tax  Code) 

1 - General information on t h e  company p e t i t i o n i w  f o r  approval 

Firm?, name 

J u r i s t i c  form 

Date of incorporat ion (o r  da t e  scheduled f o r  incorpora t ion  i f  t h e  

company i s  i n  the  process of formation) 

Complete address  (with telephone number) 

Type of research done by t h e  company 

Address and b r i e f  desc r ip t ion  of ex i s t ing  i n s t a l l a t i o n s  

Personnel employed. 

2 - Information on investment caDi ta l  

A - I n  t h e  case of a companv i n  formation: 

Investment c a p i t a l  scheduled : 

Number of shares  o r  s tock 

Par value 

Compaw cap i t a l .  

List  of probable subscr ibers ;  percentage o r  amount of  share  of each. 
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B - Companv already i n  exis tence 

IJumber of Shares 
or Stock 

Cap i t a l  on date of 
incorporat ion 

Scheduled c a p i t a l  
i nc rease  

Tota l  

M s s i o n  premium 

Cornpaw 
Capital 

Par  Value 

Date scheduled f o r  increase  i n  cap i t a l .  

List of probable subscr ibers ;  percentage o r  amount of  share  of each. 

3 - Information on f u t u r e  Drojects  of the company 

Nature of research  scheduled or  i n  progress .  

Amount of p ro jec t ,  by year, with l i s t  of pro jec ted  acqu i s i t i on  of 

bu i ld ings  o r  equipment, and de ta i led  l i s t  of cost .  

Financing plan,  by year.  

Date and Signature  

T h i s  questionnaire,  i n  four copies, must be addressed, wi th  one copy of 

t h e  s t a t u t e s  ( o r  of t h e  pro jec ted  s t a t u t e s )  and t h e  last balance sheet  ( i f  an 

already e x i s t i n g  company i s  involved), t o  the  General Delegation f o r  Technical 

and S c i e n t i f i c  Research, 103 Rue de l fUn ive r s i t6 ,  P a r i s  7 " .  
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APPENDIX VI1 Lzr 
EXCEPTIONAL FIFTY PERCEXT DIP13lEKlATION OF CAPITAL 

PARTICIPATIONS OF PG&?CH COIb2PANIES 
(Est of Companies Approved under Ar t i c l e  39-5-A-2 of 

t h e  General T a x  Code) 

Name of Company 

1 - COFARS (French Corporation f o r  
Application of Sc ien t i f i c  Zesearch) ; 
see SARST below, N0.9 

2 - Centre Lyonnais d 'kpplications 
Atomiques (CLAA) (Center of Atomic 
+plj;cations, Lyon) Socigt6 
Cooperative, 93 Ave de Saxe, Lyor, 

e t  I n d u s t r i e l l e s  (EQI) (Scien t i f ic  
and I n d u s t r i a l  Invest igat ions and 
Research) S.A., 13 2ue Pierre 
Curie, btontrouge 

!+ - Iabora to i res  dThec t ron ique  e t  de 
Physique Appli qu6es ( Laboratory f o r  
Applied Physics and Electronics)  
S.A., 23 Rue du Retrait, P a r i s  20' 

5 - Socie't; d ' hudes  e t  R6alisations 
TJucl6aires (SODERK) (Corporation 
f o r  Nuclear Research and Develop- 
ment) S.A., 10 Rue de l a  
Passere l le ,  Suresnes 

3 - i t u d e s  e t  Xecherches Scient i f iques 

5 - Conservatome - S.A.IZ.L., 18 Rue 
Seguin, Lyon 

7 - Soci6t6 dT6tudes our ITObtention 
du Deuterium (SOD P (Research 
Corporation f o r  Deuterium Produc- 
t i o n )  S.A.R.L., 8 Rue Cognac Jay, 
P a r i s  7" 

8 - Centre de Recherches de Pont-i- 
Piousson (Research Center of 
Pont-i-Xousson) S.A.R.L., Camille 
Cavallier A m . ,  Pont-i-lbIousson 

Effec t ive  Date Life of 
of Approval Approval 

Dec.29, 

Feb .12, 

Dec .2 l ,  

July 27 

19 58 

19 59 

19 59 

1960 

Ju ly  27, 1960 

Apri l  29, 1960 

Apri l  29, 1960 

April  28, 1961 

2 years  

3 years  



Name of Company I 
Approval Limited t o  contribu- 
t i o n s  i n  l e c a l  tender  during 
formation of t h e  coqanjr 

9 - Socigt; Aimil ia i re  de l a  iiecherche 
Sc ien t i f ique  e t  Technique (SLlT) 
(Subsidiary company f o r  Technical 
and S c i e n t i f i c  Research) S.A., 
UC h e  de Gramont, P a r i s  2" 

Successor t o  COFARS ( see  Mo.1) 
Approval l imi t ed  t o  shares  
issi:ed a t  t h e  time of c a p i t a l  
i nc rease  from 1.5 t o  3 mi l l i on  
f r ancs  

10 - Centre des Recherches Indus- 
t r i e l l e s  sous Contrats (CRIC) 
(Center f o r  I n d u s t r i a l  2esearch 
under Contract)  S.A., 27 Place 
Tolozan, Lyon 

Pqpmval E n i t e d  to shares  
i ssued  on formation of t h e  
company and two c a p i t a l  in- 
c reases  t o  3.5 million francs 

11 - Soci6tg dvkudes  de l a  Propulsion 
p a r  Reaction (SDR) (Corporation 
f o r  Jet Propulsion Research) 
S.A., 1 Yoie des Sables, Villejuif 

Approval l imi ted  t o  a c a p i t a l  
i nc rease  of 2,1,99,741 f r ancs  

# 

12 - Ztudes e t  Recherches Sc ien t i f icpes  
e t  I n d u s t r i e l l e s  de h r r c e n e  
(EX31 mil) ( I n d u s t r i a l  and Scien- 
t i f i c  Research and Development of 
l o r r a i n e )  S.A., 5 Terrasse d e  l a  
P&ini%re, TJancy 

Approval l imi ted  t o  shares  issu.ed 
du.ring formation and c a ? i t a l  in- 
c rease  t o  G.5 mil l ion  f r ancs  

13 - h b o r a t o i r e  d'filectronique e t  
dv Airtomatique Dauphinois (LEAD) 
(Automation and FJ.ectronics 
Iaboratory)  S.A.Z.L., 4 Ave de 
Beauvert, Grenoble 

Ef fec t ive  Date 
of Approval 

S ta tu to ry  modi- 
f i c a t i o n s  

June 12, 1961 

Aug.4, 1961 

Oct.17, 1961 

Life of 
Approval 

3 years  

3 gears 

3 years  

3 yea r s  

3 yea r s  
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Name of Compaqy 

Approval l imi ted  t o  a c a p i t a l  
i nc rease  of 210,000 f rancs  

4 - Indatom - S.A.il.L., 48 Rue La 
Bo&ie, P a r i s  8" 

Approval l imi t ed  t o  a c a p i t a l  
i nc rease  of 1.5, million f rancs  

-5 - Soci6t6 d t k u d e s  e t  dtEkploi ta t ion 
du Transport Continu p a r  Canali- 
s a t i o n  Kobile (Corporation f o r  
Research and Development of Con- 
t inuous Transport by ICobile 
Canal izat ion)  S.A., 7 Place 
dtI&na,  Paris 16" 

Approval l imi t ed  t o  a c a p i t a l  
i nc rease  of l+60,000 francs and 
an amort izat ion of 25;; of new 
shares  subscribed t o  i n  l e g a l  
tender  

L6 - B e r t h  e t  Cie - S.A., 26 2ue La 
Bogtie, P a r i s  €?" 

Approval l imited t o  two cap i t a l  
increases ,  o f  a t o t a l  of one 
mi l l i on  f rancs  

17 - Soci6t6,dtkurles  pour l e  D6velop- 
pement Economique e t  Socia l  
(SEXS) (Research Company f o r  
Soc ia l  and Economic Development) 
S.A., 56 iiue de Lille, Paris ? 

Approval l imi ted  t o  a c a p i t a l  
increase  of one mi l l i on  francs 
and t o  an amortization of 25:: 
of new shares  subscribed t o  i n  
l e g a l  tender  

~ ~~~ ~~ 

Effec t ive  Date 
of Approval 

Dec.1, 1960 

Iiay 28, 1962 

Dec.11, 1962 

Life of 
A P P r O V d  

3 years 

3 yea r s  

3 years  

3 yea r s  
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Do business managers make f o r e c a s t s  
wi th  respec t  t o  evolu t ion  i n  t h e  seven 
p r i n c i p a l  d i r e c t i o n s  i n  which i t  pro- 
ceeds? Are they  prepared f o r  t h e  prob- 
lems confronting en te rp r i se s  i n  genera l  
and e n t i r e  i n d u s t r i e s  i n  p a r t i c u l a r ?  

/78 

The probably most s t r i k i n g  c h a r a c t e r i s t i c  i n  t h e  world i n  which we l i v e  i s  

t h e  inc reas ing  capacity of man t o  become master of his phys ica l  environment. 

Although t h e  technologica l  evolution, which i s  t h e  cause of this progress, carl- 

no t  d i f fer  with respec t  t o  i t s  conception from what i t  has  been a l l  through 

h i s to ry ,  t h e  repercussions seem more pronounced because of  i t s  rate of advance- 

ment, rap id  frequency of i t s  in t roduc t im,  exter,t of t h e  resources respxsible  

f o r  such evolution, t h e  rate of i ts  diffusion, and i ts  interdependence with 

p o l i t i c a l ,  economic, and military events. I n  addition, t hese  t echn ica l  changes 

f r equen t ly  a r e  more extensive i f  they occur i n  combinations r a t h e r  than as in- 

d iv idua l  progress, of which guided missiles and t h e  nuc lear  bomb are sad ex- 

amples. 

g r e a t e s t  in f luence  on t h e  various en terpr i ses .  

t i o n  might be t h e  predominating f a c t o r  bu t  this i s  only one of t h e  many t r ends  

I am convinced t h a t  technological evolution i s  t h e  f a c t o r  exer t ing  t h e  

For t h e  genera l  public,  automa- 

followed by t e c h o  l o  g i  c al evolution. Lle 

1. Enormity of t h e  ReDercussions 

Technical evolution i s  not  only inpress ive  because of  i t s  va r i e ty  but  a l s o  

because of  t h e  "chain reaction1' r e su l t i ng  from i t s  e f f e c t s  on i n d u s t r j  and on 

soc ie ty .  ht us examine a f e w  typ ica l  examples: 

Guided missiles have l e d  t o  a redu-ction of t h e  e f f e c t i v e s  of a i r c r a f t  
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cons t ruc t ion  firms, reducing t h e i r  personnel t o  less than  one t h i r d  of what i t  

had been six o r  e i g h t  yea r s  previously.  P i i ss i les  were t h e  cause f o r  t h e  crea- 

t i o n  of new en te rp r i se s ,  counting i n  the thousands, f o r  supplying highly pe+ 

fec t ed  t e c h n i c a l  s p e c i a l t i e s .  T h i s  resulted i n  shift i n  employment, i nc rease  

i n  knowledge required f o r  nanufacture, changes i n  t r a i n i n g  required of  develop- 

ment engineers, establishment of d i f f e ren t  i n d u s t r i a l  i n s t a l l a t i o n s ,  d i f f e r e n t  

procedures, and new serv ices .  T h i s  created demands f o r  new power sources, new 

f u e l s ,  new mater ia l s ,  con t ro l  systems, and t e s t i n g  equipment. 

increased  a c t i v i t y  i n  bas i c  and applied research  which, i n  i tsel f ,  i s  more ex- 

t ens ive  than most of t h e  t r a d i t i o n a l  i ndus t r i e s  combined. A t  t h e  same time, 

guided m i s s i l e s  i n d i r e c t l y  cause a reduction i n  numerous a c t i v i t i e s  required 

f o r  maintaining t h e  f l i g h t  cha rac t e r i s t i c s ,  inventory, and conventional operat- 

i n g  mode of military a i r c r a f t .  

The result was 

Television which, i n  less than 10 years, has become a standard p i ece  of 

f u r n i t u r e  i n  t h e  home has p r a c t i c a l l y  disrupted t h e  conventional form of t h e  

motioI+picture inaiistr; ,  has made serious inroads  i n t o  t h e  domain of publica- 

t i o n s  and popular magazines, and has become a powerful medium of adve r t i s ing  /80 
and a formidable competitor f o r  pub l i c i ty  budgets. 

ment, we have bare ly  scratched t h e  surface of t e l ev i s ion .  

A s  an educational i n s t ru -  

The e l e c t r o n i c  computer, cons t i tu t ing  t h e  most powerful concept of mecha- 

n i za t ion  s ince  t h e  c rea t ion  of e l e c t r i c  erergy, has l e d  t o  t h e  development of 

an e n t i r e l y  new indus t ry ,  with rrlyriads of s p e c i a l  elemects and numerous s u p p l i e r s  

of  hardware f o r  i t s  manufacture, since i t s  very f irst  commercial i n s t a l l a t i o n  

i n  1952. 

e n t h u s i a s t i c  proponents of this device could have p red ic t ed  10 yea r s  ago, and 

i t s  app l i ca t ion  

The ex-parlsion i n  the  computer f i e l d  goes far beyond what even t h e  most 

has such far-reaching and such profound effects t h a t  we can 
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bare ly  guess a t  even a few of i t s  consequences. 

The space program, comprising our n a t i o n a l  e f f o r t  t o  extend t h e  phys ica l  

domain of man i n  t h e  universe, can hardly be comprehended i n  terms of  money bu t  

can best be judged as a function of i t s  share  i n  t h e  n a t i o n a l  income. Such in- 

vestments are made f o r  goa ls  which a r e  d i f f i c u l t  t o  j u s t i f y  i n  conventional 

terms. T h i s  e f f o r t  a l s o  has  l e d  t o  the c rea t ion  of novel research domains, new 

requirements f o r  research, new t o o l s ,  materials, con t ro l  systems, power sources, 

and t h e  necess i ty  of extending t h e  limits of t h e  phys ica l  endurance of human 

subjec ts .  New organizations became necessary, r e s u l t i n g  i n  new c o l l e c t i v e s  

such as Cape Kennedy and t h e  brined Space F l igh t  Center a t  Houston. 

at  p re sen t  t h a t  new f o r n s  of i n t e r n a t i o n a l  co l l abora t ion  w i l l  be necessary f o r  

It i s  c l e a r  

t e s t i n g ,  t r a i n i n g ,  and exp lo i t a t ion  i n  this f i e l d .  

2. Necessity f o r  Wtock T a k i n p  /81 

There i s  no doubt t h a t  our  epoch of dynamic commercial evolution i s  founded 

on technologica l  progress.  

terials,  procedures, and manufacturing i n s t a l l a t i o n s  become obsole te  wi th in  a 

f e w  yea r s  and, i n  some cases, within even a f e w  months. 

d i scove r i e s  of science and new success i n  technology o f f e r  p o s s i b i l i t i e s  of 

equal ex ten t .  

Thousands of e n t e r p r i s e s  w i l l  be created and Will disappear again, depending on 

t h e  c a p a b i l i t y  of t h e i r  management t o  e f f e c t i v e l y  apply themselves t o  t h e  prob- 

l e m  a t  hand. How can management master this environment and confront i t  wi th in  

reason? These new demands do not  always present  themselves obedient* a t  t h e  

door of obsolescent en terpr i ses ,  and p o t e n t i a l l y  revolutionary innovations do 

n o t  announce t h e i r  b i r t h  a t  t h e  sound of trumpets. 

I n  this evolutionaIy environment, products, ma- 

A t  t h e  same time, new 

The demand f o r  new technological progress seems without limit. 
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r , 

110 su re  formula exists f o r  achieving success and s e c u r i t y  i n  this techno- 

l o g i c a l  fermentation; however, managers of a l l  types - i n d u s t r i a l ,  military, 

p o l i t i c a l ,  and s o c i a l  - must become much more f l e x i b l e  i n  the  f ace  of techno- 

l o g i c a l  evolution. I a m  convinced t h a t  t h e  imperative p r i n c i p l e  f o r  a business- 

man i s  a sharp awareness of and sense f o r  technologica l  evolution, combined with 

r e c e p t i v i t y  t o  such progress  cons t i tu t ing  an i r r e s i s t i b l e  fo rce  which he can 

subjugate  and t o  which he must subjec t  himself. I n  numerous en te rp r i se s ,  this 

would be t h e  most important f o r c e  by far. Formalpredic t ions ,  so far as tech- 

nology i s  concerned, are extremely d i f f i c u l t  (and even na ive) ;  however, i t  re- 

mains t r u e  t h a t  technological  progress must be fo recas t  i n  some manner o r  o ther .  

Progress i s  an evolu t iona l  phenomenon which possesses  o r ig in ,  cause, d i r ec t ion ,  

rate of advance, and total .  successive e f f ec t s .  If  it were poss ib le  t o  fol low 

i t s  progression,  i t s  effect on o the r  forces  composing t h e  business atmosphere, 

and t h e  r e s u l t a n t  reac t ions  on this atmosphere, then it would be much easier /82 
t o  f o r e c a s t  t h e  probable economic and commercial consequences and t o  t a k e  t h e  

necessary measures. 

3 .  The Seven Trends 

I n  t h e  bas ic  wish t o  obtain c l a r i f i c a t i o n ,  I have i d e n t i f i e d  seven in- 

p o r t a n t  technological  t rends.  

a l i s t  of  t h e  p r i n c i p a l  domains of progress,  means of t y p i c a l  progress,  and 

results of  s i g n i f i c a n t  importance. 

s c r i p t i o n  of c e r t a i n  general  commercial consequences of these  t rends ,  

conclusion, fo recas t s  W i l l  be given on t h e  vas t  repercussions of technological  

evolu t ion  i n  industry.  

A l l  of these have been compiled i n  a Table, giving 

Within t h e  t e x t ,  I w i l l  g ive a sumnary de- 

I n  t h e  
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Appendix I shows some of the  bas i c  elements of t h e  h i s to ry  of t ransporta-  

t ion .  "he fundamental 

result of progress  made during t h e  l a s t  10 years  i n  this respect  i s  t h a t  t h e  

geographic c h a r a c t e r i s t i c s  of  t h e  globe have l o s t  a good por t ion  of t h e i r  tradi- 

t i o n a l  s ignif icance.  

s t i t u t e s  such a g rea t  ba r r i e r ,  drawback, o r  f a c t o r  i n  w a r  o r  trade. 

i t  i s  t h e  con t ro l  by man t h a t  es tab l i shes  limits i n  this respect ,  w h i l e  geo- 

graphic  f e a t u r e s  and t h e  cos t  o r  time of t r anspor t a t ion  no longer are s i g n i f i -  

cant.  

za t ion  develop among regions t h a t  e a r l i e r  had been separated by delay i n  trans- 

p o r t a t i o n  o r  economic f ac to r s .  

We w i l l  s tart  with t h e  mastering of d i s tance  by man. 

Geography (or ,  simply expressed, d i s tance)  no longer  con- 

A t  p resent ,  

A bas ic  consequence i s  t h a t  competition and p o s s i b i l i t i e s  of  commerciali- 

The search f o r  optimum u t i l i z a t i o n  of t h e  re- 

sources of a given region promotes geographic spec ia l i za t ion .  /83 
An important result of t h e  increase i n  frequency of t r a v e l  i s  t h e  rap id  

and genera l ly  widespread exchange of  cu l tu ra l ,  economic, p o l i t i c a l ,  and techno- 

l o g i c a l  ideas. 

and becomes harder t o  keep concepts, ideas, and pmcedwes  i n  s e c r e t  and i s o l a t e d  

from t h e  rest of  t h e  world. 

It becomes easier t o  t ransmit  ideas from one poin t  t o  another  

With t h e  a v a i l a b i l i t y  of various technological  devices f o r  t r anspor t a t ion  

between given poin ts ,  a l o g i c a l  consequence i s  an increas ingly  severe competi- 

t i o n  between t r anspor t a t ion  systems and serv ices .  S imi la r  t o  t h e  way i n  which 

railroads have superseded canals  and themselves were replaced by t ruck,  auto- 

mobile, and a i r c r a f t  t ra i isport ,  so do t h e  modern means of oleoducts (hydraul ic  

tubes) ,  hydrofoi ls ,  rolling carpets ,  and spec ia l ized  vehic les  th rea ten  t o  re- 

p lace  e x i s t i n g  means of t ranspor t  . 
N i t h  respec t  t o  operat ion i n  a novel environment, t h e  e f f o r t s  made f o r  
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mastering space t r a v e l  and submarine exploration require such complex equipment 

and c r e a t e  such a sustained demand for novel t echn ica l  developments t h a t  a l a r g e  

number of businesses will have t o  be based exclusively on s a t i s f a c t i o n  of techno- 

l o g i c a l  progress  requirements, independently of t h e  s a t i s f a c t i o n  of production 

volume reql i rements .  However, this technical progress  will f i n a l l y  lead t o  t h e  

p o s s i b i l i t y  of commercial business.  For example, a new indus t ry  which Will be- 

come of extreme importance i s  t h a t  for  mnufac tur ing  l i f e  support  systems, p e p  

mi t t i ng  man t o  survive i n  er,vironments t o  which he i s  not  adapted. 

t o  t h e  ex ten t  t h a t  t h e  ocean depths a re  conquered f o r  m i l i t a r y  purposes, this 

technological  capab i l i t y  will eventually a l s o  be applied t o  p a c i f i s t i c  ends. 

I n  t h e  fu tu re ,  t h e  resources of t h e  oceans and of  submerged land w i l l  no doubt 

I n  addi t ion,  

produce a b a s i s  f o r  new commercial a c t i v i t i e s .  & 

b) Enerm Production 

As i nd ica t ed  i n  Appendix 11, t h e  technological  progress  i n  t h e  f i e l d  of 

energy production has numerous ramif icat ions and i s  s t i l l  i n  such a s t a t e  of 

f e r m e n t a t k n  t h a t  dominant t rends  camot  y e t  be discerned. 

t h e r e  been so many a l t e r n a t i v e s  as ava i lab le  t o  t h e  h&an race a t  present ,  with 

respec t  t o  f u e l  sources, e l e c t r i c  power production processes,  forms of energy 

t r anspor t ,  modes of appl icat ion,  and measures of  control .  

commercial conseqiences of t h e  pu r su i t  of progress  can be out l ined  only r0ughJ-y. 

Never before  have 

A t  present ,  t h e  

Kerely as a suggestion as t o  t h e  repercussions of such developments, l e t  

us  examine an example of t h e  second category mentioned i n  t h e  Appendix, namely, 

t h e  t r a n s p o r t  of energy: 

A s i g n i f i c a n t  development i s  t h e  increase  i n  t h e  shar ing of energy and 

e l e c t r i c  power combines, made poss ib le  by superhigh vol tage t ransmission l i n e s  
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(SW). 

of 115,000 and 138,000 v o l t s  as i s  conventional today, w i l l  permit t h e  t r a n s p o r t  

of e l e c t r i c  power a t  a much g r e a t e r  eff ic iency and over much l a r g e r  d i s tances .  

The r e s u l t  w i l l  be e l e c t r i c  power centers of g r e a t e r  s ize  (comprising both 

atomic power s t a t i o n s  and conventional power sources).  

creases  with t h e  square of t h e  voltage, t h e  higher  cost  p r i c e  of such construc- 

t i o n  W i l l  be more than amortized. 

The transmission of e l e c t r i c  power of 230,000 v o l t s  and more, i n s t e a d  

Since t h e  capac i ty  in- 

For example, a t ransmission l i n e  o f  3k5,OGO v o l t s  w i l l  ca r ry  a power more 

than n ine  times t h a t  t ranspor ted  by a ll5,OGO-volt l i ne ,  but  will cos t  only 

f o u r  o r  f i v e  times more t o  construct .  

four  Publ ic  Service Companies) has a pro jec t  f o r  a SHV system, based on t h e  

t ransmission of  500,000 v o l t s  o r  more and making use of hydroe lec t r ic  power 

s t a t i o n s  loca ted  i n  Oregon, more than 650 miles away. General E l e c t r i c  and 

Westinghouse are working on developing s js tem of 750,OCO v and 1,000,000 V. 

The estimates seem to i n d i c a t e  t h a t ,  from now u n t i l  1970, about e igh t  b i l l i o n  

d o l l a r s  w i l l  be spent f o r  such SHY Lines. 

supp l i e r s  and t h e  power transmission systems w i l l  face  considerable  competit ion 

because of  such superhigh vol tage  transmission l i n e s  . 

/sf, 
The Power Pool of Cal i forn ia  (grouping 

This means t h a t  t h e  p re sen t  power 

The more extensively t echn ica l  progress i n  t h e  power domain i s  s tudied,  t h e  

g r e a t e r  appear t h e  p o s s i b i l i t i e s  for conventional businesses (or t h e  more Vie- 

l e n t  appear t h e  immediate upheavals). On Apr i l  10, 1963, f o r  example, t h e  news- 

papers  announced t h a t  t h e  Navy requested au thor iza t ion  t o  operate  a l l  i t s  combat 

ves se l s  of more than 8000 tons on nuclear energy. 

needed t o  understand t h a t  this would involve considerable changes f o r  t h e  manu- 

f a c t u r e r s  of t r a d i t i o n a l  naval  systems wi th  conventional e l e c t r i c  power and 

c o n t r o l  units, as w e l l  as f o r  suppliers of f u e l  t o  t h e  Navy, manufacturers of 

Not much imagination i s  
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materiel, r e fue l ing  tankers ,  and f o r  many o thers .  

Competition i s  developing between conventional power sources, production 

methods, power transmission methods, and f u e l  t r anspor t  systems. 

t h e r e  W i l l  be an in t ense  technologica l  competition between t h e  p r i n c i p a l  

No doubt, 

/86 
systems of production and d i s t r i b u t i o n  of power. 

ab ly  Will continue t o  increase,  and t h e  general  t echn ica l  progress  makes it 

poss ib l e  t o  p r e d i c t  a decrease i n  c o s t  p r i ce  p e r  unit power. 

t echnologica l  and economic shrewd and imaginative s t r a t e g i e s  must be applied,  

s p e c i f i c a l l y  by manufacturers of power equipment and by serv ice  supp l i e r s  who 

are, a t  present ,  t h e  only businesses able t o  se rv i ce  a s i n g l e  power system. 

The demand f o r  power pres- 

It i s  obvious t h a t  

OrRanic and Inorganic Life 

As ind ica ted  i n  Appendix 111, technica l  progress  of g rea t  s ign i f i cance  has 

been made i n  the  con t ro l  of organic growth, preserva t ion  of organic products,  

and reduction i n  t h e  de t e r io ra t ion  of  physical  products.  A general  consequence 

of t h e  con t ro l  of organic growth i s  the increase  i n  t h e  economic value p e r  *mit 

production. 

production. However, such progress requires  two conditions:  

This has a tendency t o  r e s u l t  i n  a reduction i n  cos t  p r i c e  p e r  u n i t  

a )  mechanization; 

b)  s c i e n t i f i c  a g r i c u l t u r a l  production, based on proper s o i l  and foodstuff 

management, a s  well as pro tec t ive  treatment of harvests  and animals. 

Because of t h e  f a c t  t h a t  such developments require g r e a t e r  c a p i t a l  invest-  

ment and super ior  technica l  capab i l i t i e s ,  t he re  i s  a tendency toward larpe-  

s c a l e  production. It appears t h a t  t h e  small producer Will have less and less 

p o s s i b i l i t i e s  t o  bene f i t  f r o m  o r  t o  allow himself such t echn ica l  and economic 

cont r ibu t ions .  
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Far-reaching consequences f o r  both manufacturing e n t e r p r i s e s  and s e r v i c e  

e n t e r p r i s e s  are created by t h e  e f f o r t s  made t o  reduce d e t e r i o r a t i o n  ( t h e  t h i r d  

domain of progress  i n  order  of importance, as l i s t e d  i n  Appendix 111). 

general ,  i t  would appear t h a t  maintenance required because of d e t e r i o r a t i o n  Kill 

I n  /87 

d 

be reduced i n  magnitude. This i s  la rge ly  counterbalanced o r  even canceled by 

t h e  increas ing  complexity of con t ro l  systems and by the  improvement i n  se rv i ces  

expected from durable goods. However, it seems t h a t  - desp i t e  t he  increas ing  

complexity of durable goods - progress  i s  being made ir, t h e i r  opera t iona l  re- 

l i a b i l i t y .  To the  ex ten t  t h a t  these  tendencies are dominant, i t  could be main- 

t a ined  t h a t  t he  replacement of goods because of wear i s  diminishing. 

i n d u s t r i a l i s t s ,  t h e  po l i cy  of equipment replacement w i l l  depend more on t h e  

changes i n  c h a r a c t e r i s t i c s  and s t y l e  (technique o r  mode) than on the  wear of t he  

materiel i t se l f .  

For many 

This necessar i ly  means t h a t ,  t o  the degree t o  which t h e  opera t iona l  r e l i a -  

b i l i t y  increases and t h e  d i s t r i b u t i o n  systems improve, an evolu t ion  will be 

produced i n  maintenance, supply of par ts ,  and processes of r epa i r .  Becaicse of 

t h e  extremely rapid rate of inc rease  i n  t echn ica l  conplef i ty  with respec t  t o  

l a r g e  Embers  of products, t h e  requirements of maintenance may become predomi- 

nant a t  c e r t a i n  times, and may even furnish t h e  b a s i s  f o r  large-scale commercial 

a c t i v i t y .  

d )  Charac t e r i s t i c s  of K a t e r i a l s  

"Molecular engineering" i s  t h e  apt term given by D r .  Lee Dubridge t o  t h e  

technologica l  e f f o r t s  made i n  modifying t h e  ma te r i a l  c h a r a c t e r i s t i c s .  

s u l t a n t  e f f e c t  i s  extensively f e l t  i n  indus t ry  ( see  Appendix I V ) .  

s e c u r i t y  exists f o r  numerous r a w  mater ia l s  i n  t h e i r  t r a d i t i o n a l  markets. 

The re- 

Very l i % t l e  

Sup- 
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p l i e r s  and converters of r a w  materials must expect t h a t  t h e  competition between 

t h e  various materials w i l l  become increasingly severe. 

markets will open f o r  conventional ma te r i a l s ,  i n  s t ep  with t h e  technological  

changes i n  t h e  mater ia l  cha rac t e r i s t i c s  f o r  adaptation t o  new objec ts  or i n  

s t ep  wi th  t h e  development of ingenious combinations with o t h e r  materials f o r  

s a t i s fy ing  spec ia l  requirements. 

terials seems t o  ind ica t e  t h a t  t h e  value of ce r t a in  goods, based on raw ma- 

terials, w i l l  undergo subs t an t i a l  a l te ra t ions ,  unless suppl ie rs  and converters  

reduce their prices or propose technological progress in the pwsical character- 

i s t i c s  . 

Simultaneously, new 

/88 

This in t ense  competition i n  the  f i e l d  of ma- 

However, t h e  explo i ta t ion  and protect ion of material marke ts  requires Re- 

search and Development which, i n  turn,  requi res  time and money. 

f a c t  t h a t  many en te rp r i se s  are ab le  to  provide t h e  necessary funds, they cannot 

always buy t h e  t i m e  required f o r  B & D. 

Research and Development a c t i v i t i e s  i n  s u f f i c i e n t  time t o  have them become effec- 

t i v e  f r o m  t'ne commercial viewpoint. 

c rea t ing  a novel material. 

cedures and new production equipment. 

equivalent research e f f o r t  i n  t h e  manufacturing f i e l d  and l a r g e  investments i n  

new bas ic  equipment. 

pense of t h e  old equipment. 

t i e s  and r i s k s  f o r  ce r t a in  manufacturers of equipment goods. 

Despite t he  

Kanagement, therefore ,  must i n s t i t u t e  

It i s  not  s l i f f ic ien t  merely t o  end up by 

Such new materials usual ly  r equ i r e  a l so  new pro- 

I n  most of t h e  cases,  t h i s  means an 

Taking new equipment i n t o  operation proceeds a t  t h e  ex- 

Thus, progress i n  materials o f f e r s  both po ten t i a l i -  

Technical obsolescence of exis t ing mater ia ls ,  production systems, and manu- 

f ac tu r ing  techniques a l s o  r e s u l t s  i n  changes i n  t h e  sale of materials. 

are made much more on the  b a s i s  o f  technical quality of t h e  materials than 

merely of de l ivery  time or pr ice .  

Sa les  

An increase  i n  products spec ia l i za t ion  i s  /89 
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unavoidable, which automatically leads t o  a mul t ip l i ca t ion  of t h e  range of  

products by equipment suppl ie rs .  

which will occur automatically s ince  sellers of equipment must be a b l e  to  trans- 

l a te  t h e  needs of t h e i r  customers i n t o  terms of a p p l i c a b i l i t y  and suitabil i ty 

of t h e i r  product. 

The sales e f f o r t  must become more technica l ,  

The salesman must understand t h e  economic and t echn ica l  con- 

d i t i o n s  of t h e  manufacturing processes of t h e  customer as w e l l  as t h e  applica- 

t i o n  of t h e  product t o  be sold, i n  comparison wi th  materials marketed by competi- 

tors 

The progress  i n  materials also o f f e r s  enonnous p o t e n t i a l i t i e s  f o r  f u r t h e r  

improvement of t h e  products.  

materials w i l l  not cause i n d u s t r i a l  and consumer goods t o  become more substan- 

tial, l i g h t e r  i n  weight, less costly,  more a t t r a c t i v e ,  and more durable. I am 

convinced t h a t ,  i n  many instances,  t h e  end user  of t h e  materials W i l l  be com- 

p e t i t i v e  i n  t h e  market, exclusively because of some p r o p e r t i e s  t h a t  t h e  use of 

novel materials has imparted t o  his product. 

It i s  inconceivable t h a t  t h e  u t i l i z a t i o n  of  new 

e )  Sensow Capab i l i t i e s  

The p a s t  15 years  have brought considerable extension of t h e  sensory capa- 

b i l i t i e s  of man (Appendix V) .  

condi t ions  far  beyond t h e  f i e l d  of vision o r  range of hearing of  humans and can 

thus  func t ion  under condi t ions  t h a t  previously had excluded o r  l imi t ed  t h e  per- 

formance. 

d i s t ances  has been achieved, namely, remote control.  

t h i s  as an extension of t h e  power of accession of man. 

mass and t h e  flow of energy are controlled wi th  g r e a t e r  accuracy over c o n t i n w  

ous ly  inc reas ing  d is tances .  

We are able t o  see, hear, o r  otherwise i d e n t i f y  

I n  addition, a considerable increase  i n  t h e  range of a c t i o n  over long 

One can r ead i ly  consider 

Thus, t h e  movement of /90 

This leads t o  two consequences: a redcction i n  - 
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manual l a b o r  and an inc rease  i n  t h e  speed of reac t ion  t o  condi t ions e x i s t i n g  a t  

a d i s t a n t  po in t .  

New i n d u s t r i e s  Were crea ted  so as to  f u r t h e r  extend these  capac i t i e s  of 

sensat ion and control .  

h ipo r t an t  a c t i v i t i e s  of t h i s  expansion. 

made i n  min ia tur iza t ion  of instruments but  a l s o  i n  rate of  obsolescence of 

products.  

roid f i l m ,  videotape, 

Instrumentation and con t ro l  systems are among t h e  most 

Hapid technological  advance has been 

The progress  made i n  extending t h e  memory of man (photography, pola- 

and o t h e r  processes)  i s  a l s o  a t  t h e  root  of xerography, 

s i g n i f i c a n t  business a c t i v i t i e s .  

f )  Physical  Kechanization 

Appendices V I  and V I 1  show t h e  two types of mechanization obtained. Numer- 

ous d iscuss ions  exist on both. 

quences 

We w i l l  only summarily comment on t h e i r  conse- 

Let us  f irst  d iscuss  t h e  mechanization of  phys ica l  a c t i v i t i e s .  I n  general ,  

t h e r e  i s  a considerable reduction i n  the proport ion of manual. l abo r  required 

f o r  t h e  production of each u n i t .  On t h e  o the r  hand, designers  of automation 

equipment have increased manual labor  involved i n  production of t h e  equipment, 

desp i t e  t h e  f a c t  t h a t  this probably i s  not i n  propor t ion  with the  labor-saving 

aspect  of  t h e  output of t h e i r  equipment. It i s  comon knowledge t h a t  t h e  jobs 

of  qua l i f i ed  operators ,  e i t h e r  eliminated o r  s impl i f ied  by highly automatic 

equipment, are numerous; nevertheless ,  mechanization a l s o  e l imina tes  many .jobs 

t h a t  do not  requi re  s p e c i a l  qua l i f ica t ions .  

of  equipment has increased o r  t h a t  such equipment i s  novel and unique, a more 

jmportant and more qua l i f i ed  e f f ec t ive  may be necessary f o r  i t s  maintenance. 

Thus, i t  i s  general ly  impossible to  predic t  t he  t r u e  e f f e c t  produced on t h e  

To t h e  ex ten t  t h a t  t h e  capaci ty  /91 



l a b o r  force,  un less  t o  state t h a t  - i n  cer ta in  cases  - this effect  i s  extens ive  

and i n  o t h e r s  negl ig ib le .  

An important result i s  t h e  f a c t  that  products  of extreme complexity, which 

are constructed i n  only a s ing le  specimen such as spacecraf t  and c e r t a i n  com- 

puters ,  r equ i r e  an extraordinary amount of  qua l i f i ed  manual l a b o r  f o r  assembly, 

t e s t i n g ,  and con t ro l  operat ions.  T h i s  r a i se s  t h e  composition and t h e  t echn ica l  

level of t h e  work e f f e c t i v e  t o  a s ign i f icant  proportion. 

Numerous exceptions t o  these  concepts could be c i t ed ,  and t h e  i n t e r e s t e d  

reader i s  referred t o  o t h e r  more c r i t i c a l  s t u d i e s  (Bibl.20, 21); see a l s o  t h e  

Chapters on this subjec t  i n  my book 11Automation and Management” (Bib1.22) . 
addi t ion ,  t h e  i n d u s t r i a l  survey of t h e  Department of b b o r  a l s o  contains  results 

of  numerous inves t iga t ions .  The main concept here  is t h a t  of an accrued p r o p o ~ -  

t i o n  of t h e  share  of  machines i n  most of such a c t i v i t i e s .  

I n  

g ) I n t e l l e c t u a l  Mechanization /92 

Let  us now consider t he  mechanization of i n t e l l e c t u a l  processes.  

ent ,  it i s  d i f f i c u l t  t o  es t imate  a l l  possible  repercussions of t h e  e l e c t r o n i c  

computer. Such as i t  exists -today, t h e  computer i s  being appl ied t o  t h e  most 

su rp r i s ing  a c t i v i t i e s .  A perusa l  of the pages of t h e  W a l l  S t r e e t  Journal  and 

Susiness Meek, over t h e  course of t h e  past  year,  br ings home t h e  f a c t  t h a t  t h e  

A t  pres- 

computer handles widely divergent problems such as t h e  l a w  on pa ten ts ,  t h e  col- 

l e c t i o n  of  taxes, the  programming of  Broadway plays,  t h e  r e a l i z a t i o n  of e l e c t r i c  

equipment c i r c u i t s ,  t h e  d i r ec t ion  of study p ro jec t s ,  t h e  management of depart- 

ment s t o r e  inventor ies ,  t h e  ana lys i s  of petroleum re f in ing  processes,  t h e  l a w  

on heal th ,  t h e  handling of data, and numerous o the r  tasks .  

cases,  one of t h e  most important consequences i s  the  reduction i n  t i m e  required 

I n  each of t h e  



f o r  accomplishing a given a c t i v i t y ,  while t h e  second important f e a t u r e  i s  t h e  

improvement i n  accuracy and de t a i l  of the work done. 

The mechanization of i n t e l l e c t u a l  processes, once t h e  program has been laid 

out,  g r e a t l y  reduces t h e  delay usua l ly  involved i n  organizing a given job and 

improves t h e  accuracy i n  proport ions much super ior  t o  human c a p a b i l i t i e s .  

question t h a t  i s  s t i l l  not s e t t l e d  i s  tha t  of  i t s  e f f e c t  on t h e  q u a l i f i c a t i o n  

required of  t h e  operat ing personnel. The qua l i f i ca t ions  demanded i n  numerous 

areas of  i k t e l l e c t u a l  work have been grea t ly  reduced. 

t i on ,  required f o r  analyzing and programing a given problem, before  feeding it 

to  t h e  computer, has d e f i n i t e l y  been raised. 

One 

However, t h e  qual i f ica-  

It can be predic ted  at  present  

t h a t  t h e  mathematical skill required a t  t h e  l e v e l  of management and opera tors  

w i l l  i nc rease  f u r t h e r .  

Programing and r e t r o a c t i v e  cont ro l  of computer opera t ion  g r e a t l y  shorten 

t h e  time required f o r  organizing, r a i s e  t h e  accuracy of t h e  results, and l ead  

t o  a s u b s t a n t i a l  increase  i n  use of the equipment (because of t h e  reduct ion i n  

delay of arranging and because of t h e  f a c t  tnat t h e  mac’hine opera tes  without 

human in te rvent ion) .  I n  many cases, this modifies t h e  aspec t  of cos t  p r i ce ,  

s ince  it i s  no longer  necessary t o  schedule auxiliary expenditures f o r  obtaining 

a g r e a t e r  prec is ion ,  inherent  t o  t h e  system. 

Here again, we see t h e  c rea t ion  of numerous and important new indus t r i e s ,  

based on t h e  design and construct ion of computer hardware and accessories .  

conception and adaptat ion of machines f o r  program con t ro l  extends c l e a r l y  i n t o  

t h e  indus t ry  of toolmaking and related f ie lds .  

The 

4. Conclusions 

When considering t h e  o v e r a l l  aspect of  all these t r ends  and tendencies,  
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c e r t a i n  top ic s  repeat  and cumulate. 

f o r e c a s t  f o r  t h e  h e d i a t e  fu ture .  

I n  f a c t ,  11 d i f f e r e n t  consequences can be 

1) "Cometit ion dll increase  from EeograDhically d i s t a n t  regions . I t  The 

businessman w i l l  have t o  watch the  conjunction of three d i f f e r e n t  developments: 

- Shortening of t r anspor t  t i m e  f o r  products,  thus  permi t t ing  var ious 

competitors t o  invade h i s  markets, with poss ib ly  g r e a t e r  accommodation 

and f l e x i b i l i t y  toward t h e  requirements of  t h e  customer. 

- Greater volume of shipments which will require new systems of packing 

and maintenance and, i n  cer ta in  cases, new spec ia l ized  techniques f o r  

t h e  t r anspor t  of a s i n g l e  product ( f o r  example, oleoducts) .  

- A b e t t e r  i n t e r p r e t a t i o n  of t h e  procedure of (d is t r ibu t ion ,  i n t e g r a t i o n  

of  maintenance systems, packing, and t r anspor t  i n  addi t ion  t o  t h e  

technological  progress  i n  such systems, which Will l ead  t o  a reduc- 

t i o n  i n  cos t  p r i c e  such t h a t  the merchandise could t r a v e l  many more 

miles f o r  t h e  same amount of  d o l l a r s .  Distance w i l l  decrease i n  i m -  

portance as a barrier t o  competition. 

& 

2) "Cometi t ion will increase  anad make i t s  apDearance from unexpected and 

unorthodox quarters." 

f i e l d  of products t h a t  normally a r e  noncompetitive because of c e r t a i n  charactel.- 

i s t i c s  of  r e a l i z a t i o n  o r  cos t  p r ice .  

A c e r t a i n  kind of competition Will be created i n  t h e  

For example: 

Paper has never been a competitor i n  t h e  f i e l d  of c lothing,  except f o r  

However, t o  t h e  ex ten t  t h a t  chemists are ab le  t o  impart new handkerchiefs. 

p r o p e r t i e s  t o  paper - prope r t i e s  t h a t  are  equivalent  t o  those  of t e x t i l e s  - and 

t h a t  engineers  reduce t h e  cost p r i c e ,  it i s  quite l i k e l y  t h a t  paper will become 

a formidable competitor of texti les f o r  c e r t a i n  types of c lothing.  This i s  ex- 

c lus ive ly  a question of proper t ies ,  price,  and - t o  a c e r t a i n  ex ten t  - of 
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imagination i n  commercialization, i n  addi t ion t o  t h e  obvious delay i n  becomiw 

s o c i a l l y  acceptable .  

Synthet ic  materials w i l l  compete with t r a d i t i o n a l  mater ia l s .  Thus, t h e  

l e a t h e r  i ndus t ry  - a t  t h e  present  moment - j u s t  about starts t o  be a f f ec t ed  by 

t h e  competition of t h e  chemical industry ( f o r  example, Corfam made by w o n t ) .  

A much more in s id ious  type of competition, much more powerful and d is turb-  

ing,  i s  crea ted  by t h e  technological  progress which procures f o r  t h e  customer 

t h e  des i red  product and circumvents or replaces  e x i s t i n g  products and systems. 

A t y p i c a l  recent  example i s  t e l e v i s i o n  which o r i g i n a l l y  w a s  not  meant t o  be an 

hprovement i n  t h e  technique of production o r  presenta t ion  of motion p i c t u r e s  

and which, nevertheless ,  has completely upset  t h e  conventional trade of t h e  

motion-picture indus t ry  by of fer ing  the  customer an e n t i r e l y  d i f f e r e n t  node of 

v i s u a l  entertainment.  f25 
When looking i n t o  t h e  fu tu re ,  q u i t e  similar developments can be an t ic ipa ted :  

An event t o  be expected soon will b e  t h e  replacement of c e r t a i n  c o a l  t rans-  

p o r t  by r a i l road ,  due t o  e l e c t r i c  power t ransmission a t  superhigh voltage,  xhich 

makes i t  much more economical t o  t ranspor t  e l e c t r i c i t y  i t s e l f  than t o  sh ip  t h e  

c o a l  from t h e  mines. 

I a m  c e r t a i n  t h a t  we are only a step (and not  even a technological  s tep  

but  only a p r i c e  s t e p )  away from competition between communications and business 

travel wi th  respec t  t o  d o l l a r  expenditure. 

To engage i n  verba l  discussions? 

meeting? 

To exchange documents? 

a t t a i n e d  by in t eg ra t ed  communications systems such as closed t e l e v i s i o n  c i r -  

c u i t s ,  dupl ica t ing  d machines, t e le types ,  and similar equipment. 

Why do businessmen t r a v e l  a t  a l l ?  

To thresh out cont rac ts?  To have a personal  

To check on each o thers '  c h a r a c t e r i s t i c s  of products  o r  se rv ices?  

To s ign  papers? All t hese  p o i n t s  can j u s t  as e a s i l y  be 

How much time, 

87 



f o r  example, will it take before American Ai r l ines  w i l l  experience competit ion 

by "American Communications Inc . I t ?  

It w i l l  require extremely s k i l l f u l  and well-versed managers t o  p r e d i c t  and 

counteract  this type of competition. 

i n  ga in  f o r  conventional suppl ie rs .  

The s i t u a t i o n  c e r t a i n l y  implies  a decrease 

3) "The D o s s i b i l i t i e s  of commercialization w i l l  increase  fur ther ."  

given soc ie ty  w i l l  no longer be l imited,  as had been t h e  case previously,  t o  

c e r t a i n  regions and t o  c e r t a i n  indus t r ies .  

po ten t i a l  of commercialization requires a)  an aggressive and act ive a t t i t u d e  /96 
toward technologica l  evolut ion and b) t h e  wi l l ingness  t o  r i s k  money and reputa- 

t i o n  i n  a technological  innovation. 

A 

Rather, t o  base oneself  on t h e  

4 )  T h e  c o m e t i t i v e  l i f e t i m e  of numerous products w i l l  diminish rapidlyL 

because of  technological  obsolescencert (which differs  completely from phys ica l  

d e t e r i o r a t i o n  o r  ant iquated design).  

product p re sen t s  special cha rac t e r i s t i c s  and complexities, t h e  g r e a t e r  Will be 

the  p o s s i b i l i t i e s  i t  o f f e r s  f o r  perfect ioning o r  improving t h e  product. 

simple example i n  this respec t  i s  t h e  35-mm co lo r  s l i d e  p r o j e c t o r  which i s  

f a m i l i a r  t o  many. 

It i s  a s t r i k i n g  f a c t  t h a t ,  t h e  more a 

A very 

Let us b r i e f l y  study this aspect :  

It i s  l o g i c a l  that t h e  manufacturers (and some of these  are among t h e  best 

i n  t h e  world) were i n t e r e s t e d  i n  manufacturing p r o j e c t o r s  with a l l  d e s i r a b l e  

c h a r a c t e r i s t i c s  including preloaded car t r idges,  automatic speed se l ec to r s ,  

remote cont ro l ,  remote s e t t i n g ,  and other advantages. Nevertheless, I personal- 

l y  had t h e  sad experience i n  q y  own l ec ture  h a l l  t o  handle about 15 d i f f e r e n t  

p ro jec to r s ,  none of which s a t i s f i e d  me completely f r o m  the  viewpoint of remote 

con t ro l  for teaching purposes. 

Despite a l l  improvements, t h e  technicians o r  manufacturers have been unable 



so  far t o  produce a p r o j e c t o r  with t h e  following proper t ies :  

any type of s l i d e  mount; b )  n e i t h e r  wrinkling nor d i s t o r t i n g  paper-mounted 

sl ides;  c )  never jamming; d) not requiring prel iminary mounting i n t o  s p e c i a l  

frames; e )  o f f e r ing  a remote-control device of s u f f i c i e n t  s impl i c i ty  f o r  having 

t h e  demonstrator l ea rn  t h e  technique without spending hours on it; f )  o f f e r i n g  

a simple and d i r e c t  method f o r  i n se r t ing  a given sl ide which had s l ipped  ou t  of 

sequence; g )  offer ing  a high-quality lens system; h) operat ing with a minimum 

of noise;  i) l i b e r a t i n g  an amount of heat t h a t  w i l l  not  damage t h e  s l i d e s  nor  

t h e i r  p l a s t i c  mounts. 

a )  adaptable  t o  

Some of t h e  present ly  ava i l ab le  pro jec tors  have some of t h e  above ad- 

vantages but  none have all of them. If anyone wants t o  look f o r  g r e a t e r  possi-  

b i l i t i e s  of commercialization, l e t  him offer something t h a t  a )  opera tes  proper- 

l y  and b)  p re sen t s  c h a r a c t e r i s t i c s  demanded by t h e  customer. 

5 )  Wot onl;y t he  de l ivery  time but a l s o  t h e  cos t  p r i c e  requires the  crea- 

t i o n  of novel Dmducts. which would be supplementary t o  t h e  e f f o r t  i n  t h e  R & D 

- field.” 

t h e  more complex o r  sophis t ica ted  it i s ,  t h e  g r e a t e r  w i l l  be t h e  amount of work 

required i n  Research and Development. One f a c t o r  of considerable s ign i f i cance  

i s  t h e  f a c t  t h a t  a given l a r g e  en terpr i se  might w e l l  have ava i l ab le  s u f f i c i e n t  

funds f o r  r e a l i z a t i o n  of an urgent program of making up f o r  t h e  work spent on 

R & D, but  i s  unable t o  recover a l l  of t h e  l o s t  time o r  t o  t ake  out  a s u f f i c i e n t  

number of  pa t en t s .  The “evening chores” necessary i n  Research and Development 

( R  & D )  must be done every evening; i t  requires quite some t h e  t o  acqui re  t h e  

necessary know-how and use f a c i l i t y .  

The more a given product i s  affected by technological  obs t ac l e s  and 

6 )  Rains i n  the  domain of product ivi ty ,  s imerior  conceDtion, techno- 

l o g i c a l  c o m e t i t i o n .  and economic f ac to r s  r a w  t h e  large e n t e r p r i s e  ( inc luding  
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t h e  economy of d i s t r i b u t i o n ) .  t h e  cos t  p r i c e  of numerous materials. products,  

and se rv ices  can readily be reducedot' Typical examples are t h e  cos t  p r i c e  of 

e l e c t r i c  power, automobiles, air  t ransport ,  and household appliances,  i f  t h e  198 
value of t h e  d o l l a r  and t h e  qua l i t y  o r  degree of s e rv i ce  obtained are taken i n t o  

considerat ion.  The cos t  p r i c e  may decrease t o  t h e  ex ten t  as novel  procedures of 

commercial tariffs are i n s t i t u t s d .  

t i o n s  and s p e c i a l  telephone n ight  r a t e s  extend t h e  buying power of t h e  do l l a r .  

Similar tariff p o l i c i e s  may g r e a t l y  a f f ec t  t h e  demand i tself ,  t h e  moment a t  

which such demand i s  created,  and t h e  cos t  p r i c e  as well as t h e  d i s t r i b u t i o n  

processes .~  I n  the  f i n a l  ana lys i s ,  i t  i s  the  expert  i n  tariff and t h e  come- 

c i a l i z a t i o n  s t r a t e g i s t  who decide t h e  success o r  f a i l u r e  of t echn ica l  innova- 

t i on .  

For example, t h e  c o s t  of l o c a l  communica- 

However, f o r  numerous products,  the reduction of c e r t a i n  elements of t h e  

c o s t  p r i c e  will be counterbalanced by the  requirements of  increas ing  complexity 

and c a p a b i l i t y  of r ea l i za t ion .  

7) tqumeroirs novel commercial p o s s i b i l i t i e s  will result from t h e  avai la-  

b i l i t y  of- technoloa ica l  Progress i n  mater ia ls ,  services .  and t e s t i n n  emipment. 

toge ther  with t h e  corresponding Droduction Processes Since any major advance 

g r e a t l y  inc reases  t h e  demand f o r  new things, it must be expected t h a t  many pos- 

s i b i l i t i e s  are crea ted  and t h a t  t hese  w i l l  appear so rap id ly  t h a t  a given firm 

might be t o t a l l y  unable t o  t a k e  ca re  of a l l  of them. A proper ana lys i s  of t h e  

demand f o r  goods, r e s u l t i n g  f r o m  t h e  p r inc ipa l  technological  developments, would 

be of considerable  a s s i s t ance  t o  small en te rp r i se s  so as t o  enable them t o  com- 

pe te .  

reso lu t ion ,  and i n i t i a t i v e .  

It i s  highly des i r ab le  t o  have all en te rp r i se s  show more discernment, 

A t yp ica l  example i s  t h e  following: 

The space program has been t h e  cause of some of t h e  most extensive mainte- 
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nance work i n  a l l  of h i s to ry  ( t ranspor ta t ion  and manipulation of missile el- 

ments during t h e i r  manufacture, and launching operat ions of spacecraf t )  * 

opera t ions  become increas ingly  co lossa l  as t h e  s i z e  of t h e  rockets  increases .  

For example, t h e  Saturn p r o j e c t  requires t h e  displacement of a p i ece  of equip- 

ment, weighing 12,000 tons  and having a height  about t h a t  of t h e  Xashington 

Monument, over a d is tance  of 2 n i l e s  from t h e  assembly Ooint t o  t h e  launch pad, 

and all this a t  a rate of one p e r  week! 

These 

Nevertheless, does the  indus t ry  marufacturing t h e  maintenance equipment f o r  

this materiel make coment ra ted  and constant e f f o r t s  t o  solve these  new &inte= 

nance problems? With a few co tab le  exceptions, most of t h e  firms have given 

over this new f i e l d  of a c t i v i t y  t o  other en te rp r i se s  and waste t h e i r  e f f o r t s  

in s t ruggl ing  i n  t h e i r  conventional market, desp i t e  t h e  f a c t  t h a t  this market  

has reached a high p o i n t  of sa tura t ion  and i s  subjec t  t o  in t ense  p r i c e  competi- 

t ion.  

ness,  l ack  of i n t e r e s t  i n  government markets, l ack  of cap i t a l ,  re luc tance  t o  

a t t a c k  unfamil iar  work, and many other  causes. 

Why i s  this so? We could suggest a l ack  of imagination, l ack  of aware 

I have LO i n t en t ion  t o  have this commentary b o i l  down t o  a c r i t i c i s m  of 

t h e  manufacturers of maintenance equipment, but merely t o  give a t y p i c a l  ex- 

ample of t h e  manner i n  which numerous i n d u s t r i a l i s t s  respond t o  r e l a t i v e l y  

novel  commercial f i e l d s .  

8)  Vims unable t o  confront the technological  shift, t o  p r e d i c t  such 

changes, o r  t o  develop i n  the  r e w i r e d  d i r e c t i o n  W i l l  of necessitsr be OverrlLn 

by s m e r i o r  technoloplJ." 

stem locomotive not  much more than 12 yea r s  ago. S M l a r l y ,  t o  t h e  ex ten t  t h a t  

t h e  f i n a l  products  have sh i f ted ,  numerous subcontractors  t h a t  procure materials, 

p a r t s ,  ecpipment, o r  services ,  will disappear. 

For example, t h e  Diesel locomotive p u t  an end t o  t h e  

T h i s  l eads  t o  an i n t e r e s t i n g  /lGG 



suggestion: 

on t h e  c a p a b i l i t y  of t h e  customer t o  meet technological  competition. 

f i n a l l y  become necessary t o  study t h e  technological f u t u r e  of our  customers as 

much as o u r  own? 

A major po r t ion  of t h e  success of i nd iv idua l  firms depends l a r g e l y  

W i l l  it 

9 )  V h e r e  exists the  p robab i l i t y ,  .iust as upse t t i ng  f o r  t h e  employee as for 

t h e  comparly. t h a t  .iob secu r i ty  i s  no t  necessar i ly  a con9equence of  a sound 

t r a d i t i o n a l  management. of a ~ o o d  market, of proper financinfi. of  Rood equip- 

ment, and of c o m e t i t i v e  cos t  price." In  t h e  e n t i r e  h i s tory ,  no automation 

eqdpment has ever eliminated jobs as rapidly as t h e  t r a n s i t i o n  from bombers t o  

guided missiles. 1% i s  t r u e  t h a t  cer ta in  new jobs were created.  

d id  not  concern t h e  same employees and were not  ava i l ab le  a t  t h e  same l o c a l i t i e s .  

However, these  

The slogan of l abor  unions: "look a t  t h e  accounts!" i s  of no t r u e  s i g n i f i -  

A much more appropriate def iance l a b o r  unions should h u r l  at  cance a t  present .  

management would be tllook a t  t h e  program!r1. 

measures necessary f o r  technological ly  s taying %live'I? 

Does management a c t u a l l y  t a k e  t h e  

10) "The display of power of t h e  American Government becomes ever  more 

ciistinct.11 

about i n t e r f e rence  o r  p a r t i c i p a t i o n  of Government i n  business,  t h e  f a c t  remains 

t h a t  governmental decis ions are t h e  determining f a c t o r s  of prime importance i n  

most technologica l  progress.  

ment, and p r a c t i c a l  appl ica t ion .  Government f requent ly  undertakes t h e  f i n a n c i a l  

r i s k  of t h e  innovation and a c t u a l l y  se l ec t s  t h e  d i r e c t i o n  of evolut ion and t h e  

technologica l  solut ion.  

t h e  r e s p o n s i b i l i t y  f o r  development of d i g i t a l  computers, purchase of t h e  first 

l a r g e  e l e c t r o n i c  computers, inauguration of j e t  engines, mass production of /IO1 

p e n i c i l l i n ,  development of guided missiles, promotion of  a t d c  energy, i n i t i a -  

Despite t he  f a c t  t h a t  a large number of managers loudly complain 

It i s  Government t h a t  sponsors research, develop- 

Ve must a l l  r e a l i z e  t h a t  it was Government t h a t  took 
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t i o n  of  space programs, and numerous other  developments. 

L e t  us mention a l s o  t h a t  t h e  pro jec ts  themselves become so complex, so 

cos t ly ,  and so far-reaching t h a t  we would even need several governments f o r  

making t h e  fo recas t s  and procuring t h e  f inanc ia l  means, such as i s  t h e  case f o r  

t h e  Path-2 supersonic t r anspor t .  The corol lary should be c l e a r  for management: 

Businessmen must keep abreast of technological dec is ions  made by government 

agencies and must be wi l l i ng  t o  cooperate. 

ll) '*Commercial decis ions Will carry a much Rreater Dortion of r i s k  (and 

more f a i l u r e s )  i n  this new-tme world." I n  some manner o r  other ,  high-level 

management should encourage t h e  acceptance of a c e r t a i n  r i s k  and must i t se l f  be 

prepared t o  accept t h e  f a i l u r e s  t h a t  unavoidably accompany such decis ions.  

l i e s  one of t h e  g r e a t e s t  weaknesses of most en te rp r i se s .  The conventional 

system of basing t h e  remuneration of a given d i r e c t o r  uniquely on t h e  gains  of 

t h e  preceding yea r  "encourages no one t o  pursue a p r o j e c t  t h a t  w i l l  not  be 

p r o f i t a b l e  within a per iod of f i v e  years". 

t i o n  as well as t h e  t r a d i t i o n a l  organization are in need of basic reform, wi th  

t h e  purpose of encouraging a sane appreciat ion of t h e  technological  p o s s i b i l i -  

t i es  and of e s t ab l i sh ing  reasonable cooperation. 

Here 

The t r a d i t i o n a l  system of remunera- 

It appears t h a t  t h e  p a r t i c i p a t i o n  i n  technological  innovation i s  becoming 

inc reas ing ly  s i g n i f i c a n t  and more frequent i n  t h e  e n t i r e  soc ie ty  and i n  com- 

merc ia l  F a g e m e n t  i n  p a r t i c u l a r .  

t echnologica l  advances, I personal ly  f e e l  t h a t  management would be e n t i r e l y  /1c2 
j u s t i f i e d  t o  say f*No'* more o f t en  than rTesl*. 

more d a t a  on t h e  o v e r a l l  process.  

Despite t he  p o t e n t i a l  presented by nurnerous 

However, it i s  necessary t o  ga the r  

One must become familiar with t h e  manner of 
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evaluat ing technologica l  progress,  making use of it, dece lera t ing  it, and defend- 

ing  our business  en te rp r i se s  aga ins t  technological  evolut ion i n  t h e  case of 

necessi ty .  

t h e  l a c k  of technologica l  discernment, except f o r  those whose l i fe ,  employment, 

and fate i s  dependent on t h e  erroneous conjectures of job s e c u r i t y  made by such 

firms. 

perspec t ives  f o r  growth of a given company, t h e  s e c u r i t y  of employment, and t h e  

success of i t s  economic expansion. 

No one will shed tears over a business  which f o l d s  up because of 

On t h e  o the r  hand, technological  innovation o f f e r s  one of  t h e  optimum 

@PETIDLY I /103 
RISE LU TRAI;TSPOXTATION POTENTIAL 

F ie ld  of  
Advancement 

~~~ 

Mastering of g r e a t e r  
distames with re- 
duction i n  de l ive ry  
time and/or cos t .  

Travel and a c t i -  
vities i n  new 
elements : 
1 - i n  space 
2 - under water 
3 - i n  Arct ic  

regions 

Some Typical Keans 

Jet t r a r s p o r t  a i r c r a f t  . 
Helicopters 
Terrestrial t ranspor t  
rockets.  
High-speed rail  t rans-  
po r t .  
Ships and f r e igh t  
t r a i n s  
Oleoducts. 
Supertankers 
Conveyors f o r  pedes- 
t r i a n s .  
liydrofoils. 

Space vehicles.  
Submarines, bathy- 
scap hs, automatic 
scaphandres 
Helicopters,  Arctic 
s h e l t e r s ,  public 
services ,  railless 
t r a i n s ,  and l i f e  
support systems 

Some Flesults 

Business and t o u r i s t  
t r a v e l  i n  the  e n t i r e  
world, a t t a i n i n g  3OGO 
miles i n  8 hours. 
Daily f r e i g h t  s e rv i ce  by 
domestic c a r r i e r s  and t o  
i n t e r n a t i o n a l  centers .  
Special ized large-volume 
t r anspor t  systems, a t  
dense- traf f i c  conditions;  
s p e c i a l  maintenance 
equipment f o r  such 
t r anspor t  systems 

Warfare i n  new enuironment; 
defensive, offensive,  SUP 
vei l lance ,  and communica- 
t i o n s  devices.  
Development of new l i f e  
support  systems 
Acquisit ion of s c i e n t i f i c  
knowledge. 
Beginning of new commercia: 
operat ions ( f o r  example, 
comunicat ions satellites, 
meteorological  s t a t i o n s ) .  
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Energy produced and 
converted by new 
sources and appa- 

~ r a tus .  

APPmDIX I1 

RISE IN COlJTIiOL OF I3NE;RGY 

1 Fie ld  of  
Advancement 

Much g r e a t e r  magni- 
tude and i n t e n s i t y  
of available energy. 

Ehergy converted 
by much smaller 
q u a n t i t i e s  and 
con t ro l l ed  with 
increased  accu- 
racy 

Some Typical Means 

H bombs, nuclear reac tors ,  
nuc lear  explosives, chemi- 
c a l  rocket propellants.  

Semiconductors, l a s e r s ,  
mic roc i r cu i t s  

Nuclear reactors, f u e l  
c e l l s ,  s o l a r  ce l l s ,  
magnetohphodynami c 
devices, jet engines, 
thermal ions, s t a t i c  
power s t a t i o n s  

Some Results 

Kajor evolution i n  
methods of warfare, 
na t iona l  defense, strate- 
ey, t a c t i c s ,  and i n t e +  
n a t i o n a l  p o l i t i c s .  
Increase  i n  s c i e n t i f i c  
knowledge 
Exotic f u e l s  f o r  power 
s t a t i o n s .  
Thousands of new techni- 
c a l  demands. 
P o s s i b i l i t i e s  of major 
modifications of geo- 
graphic c h a r a c t e r i s t i c s .  

Thousands of  elements, 
products, and new pro- 
cesses.  
Novel instrumentation. 
Increase  i n  new demands 
f o r  t echn ica l  and scien- 
t i f i c  data. 
F.ed.uction i n  dimensions 
of nimerous apparatus 
Kanufact uring p rocediires 
based on high-energr 
generation, spark e ros ion  
e lec t rodepos i t ion  and 
e l e c  t ropol i sh ing  , u l t r a -  
sonics,  and so on. 

Steady pressure  i n  demand 
f o r  progress i n  fue l s ,  
materials, and con t ro l  
systems. 
Ileed f o r  s c i e n t i f i c  and 
t e c h n i c a l  development 
data. 
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APPE"LV, I1 ( con t td )  

F i e l d  of 
Advancement 

Advancement of  high 
importance with re- 
spec t  t o  energy 
s tockpi l ing .  

Novel techniques 
f o r  large-scale 
t r anspor t a t ion  of 
power and fue l s .  

Some Typical Keans 

Atomic fue l s ,  f u e l  c e l l s ,  
n i  c kel- cadmium batteries , 
hydraulic power by pumps, 
energy from tides. 

Superhigh voltage t rans-  
mission l i n e s ,  liwd 
propane tankers, hy- 
d rau l i c  t r a i n s  operat ing 
on o i l ,  gas, o r  coa l ;  
mono rails, c M s s- country 
convey0 r belts . 

Some Results 

Increase i n  p o r t a b i l i t y .  
Extension of  operat ing 
per iods  without r e fue l ing#  
Reduction i n  cos t  p r i c e  
of power pro.luction. 

Less onerous t r anspor t  
of m a n y  p rope l lan ts .  
Transport of power and 
f u e l s  over g r e a t e r  
d i s tances .  
Special ized construct ion 
and t r anspor t a t ion  
e quipmen t 

APPEEDIX I11 /1G5 
RISE Dl CAPACITY OF EXTdJDING A?VD COI\ITFtOLLING THE 

LIFE OF ANIIIATE AJJD CJAIJIKAT. OBJKTS 

F ie ld  of 
Advancement 

Modification of 
l iving-mat t e r  and 
extension of l i f e  
span, to le rance  of  
extreme c l ima t i c  
condi t ions,  con t ro l  
of growth with re- 
spect  t o  propor- 
t i o n s  and s tages ;  
maximization of most 
valuable  p a r t s  . 
Greater r e s i s t ance  
t o  d i sease  and acci-  
dents  . 
Suppression of un- 
d e s i r a b l e  organisms . 

Some Typical 1;' leans 

Se lec t ive  breeding. 
Development of hybrids 
and spec ia l  s t m i n s  
Special  feeding and 
f e r t i l i z e r s .  
Prophylactic treatment 
with a n t i b i o t i c s  and 
chemical products. 
Control of ambient 
temperature and humidity. 

Some Results 

Greater economic value 
per  unit product.  
Use per iod maintained 
over longer  dura t ions  and 
l a r g e r  range of condi t ions '  
P o s s i b i l i t y  of production 
i n  novel regions.  
Demyds f o r  s p e c i a l  treat- 
ments and equipment. 
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APPENDIX I11 (cont td)  

F i e ld  of 
Advancement 

Prolongation of l i f e  
of pe r i shab le  foods 
and o t h e r  organic 
products  and o b j e c t s <  

Reduction i n  de- 
t e r i o r a t i o n  of 
n a t u r a l  const i tu-  
t ion .  

Some Typical Means 

Packing methods. 
Packaging i n  p ro tec t ive  
surroundings such as 
deep-freezing, dehydra- 
t i on ,  a?d i r r ad ia t ion .  

More durable mater ia l s  . 
Prophylactic treatment 
aga ins t  ?amage by i n s e c t s  
corrosion, wear, fungi,  
and o the r  fac tors .  
hprovement of s t ruc-  
t u r e s  and projec ts .  

AF'PHJDIX I V  

Some Results 

Increase  i n  she l f  l i fe .  
ICinimizing of seasonal  
e f f e c t s  and l imi t a t ions .  

Reduction of  maintenance. 
Prolongation of l i f e .  - 

Reduction i n  number of  
t a sks .  

/lo6 

RISE I N  CAPACITY FOR IiODIFYING CHAUCTEXIISTICS OF MAT3EIAI.S 

Fie ld  of 
Advancement 

Novel prop e rti e s 
imparted t o  exist- 
ing materials. 

Synthe t ic  materials. 

Combinations of 
materials f o r  ob- 
t a i n i n g  unique 
c h a r a c t e r i s t i c s .  

Some Typical 1' leans 

Application of chemical 
and meta l lurg ica l  know- 
ledge t o  modification 
of ma te r i a l  propert ies .  

Improvement i n  con t ro l  
of pur i ty ,  addi t ives ,  
and procedures. 
Novel manufacturing 
processes. 

Typical exanples: 
engine blocs of aliiminum, 
replacement of t e x t i l e s  
by paper o r  p l a s t i c s .  
Synthet ic  f ibers ,  rubber, 
petroleum, and foods tuf fs ,  
Glass fiber, pres t ressed  
concrete, meta l  and 
ceramic compounds 

Some Resul ts  

Improvement i n  p rope r t i e s  
such as strerigth, weight, 
heat  res i s tance ,  corro- 
s ion  res i s tance .  

Different-type manu- 
f ac tu r ing  processes  and 
t echn ica l  qua l i f i ca t ions  
of labor ,  required by end 
user .  
Novel p o s s i b i l i t i e s  of 
product conception. 

Reduction i n  cos t  p r i c e  
of numerous materials 
and/or f in i shed  products.  
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Field of Some Typical Ueans 
Advancement 

(cermets),  plywood g i rders ,  
p l a s t i c  and aluminum honey- 
comb s t r u c t u r a l  panels .  ' 

EXTENSION OF SENSORY CAPACITIES OF MAN 

4 

Same Resul ts  

F ie ld  of 
Advancement 

Vision 

Hearing 

Touch 

Some Typical Means 

Radar . 
Electron microscope. 
Television. 
Radioast ronoqy . 

16icrophone and a m p l i -  
f i c a t i o n  techniques: 
magnetic tape recording. 

Combination o f  i n s  t ru- 
mentation and  commands, 
f o r  i d e n t i f i c a t i o n  of 
i n f in i t e s ima l  o r  d i s t a n t  
condi t ions and t h e i r  
modification by man. 

Some Resul ts  

t'ransport and s t r a t e g i c  
>perat ions under previ-  
x d y  p roh ib i t i ve  condi- 
t ions  of darkness, fog, 
rain,  e t c .  
Zapacity t o  "see't up t o  
%bout 200 miles.  
New information on ma- 
t e r i a l s ,  biology, and 
disease. 
Kovel methods of t r a in ing  
education, and enter ta in-  
ment * 
M e m i o n  of howledge 
of t h e  universe.  

Radio and h igh- f ide l i ty  
phonograph equipment 
Use of sound de tec t ion  
f o r  w a r  and pol ice .  

Slave mechanisms such as 
servocontrol,  servobrakes 
aeronaut ic  guidance. 
Remote con t ro l  of &- 
drau l i c  t r a i n s .  
Radio con t ro l  (guidance 
systems) of t a r g e t  air- 
c r a f t  o r  drones, indus- 
trial cranes, and specia: 
vehic les  
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APPE2JDIX V (contvd) 

f i e l d  of 
Advancement 

Visual, olfactory,  
auditory,  and 
similar power of 
discernment. 

Memory ( r e t e n t i o n  
of v i s u a l  and 
a u d i t o m  impres- 
sions) . 

Some Typical P' ieans 

Instrumentation f o r  de- 
t e c t i n g  i n f i n i t e s i m a l  
quan t i t i e s  and dimensions. 
Amplification and 
measuring technique. 

Extensive progress i n  
photographic sens i t i v i -  
t y  and accuracy of  re- 
du.c t ion .  Techniques 
of i l q l i c a t i o n  (xero- 
V a P b ) .  
Direct conservation of  
v i s ion  an-l solml on 
video t ap e, map e t  i c 
recording tape, and 
polaro id  photography. 

APPE!!XID V I  

Some Results 

High-precision measure- 
ments, l ead ing  t o  new 
s c i e n t i f i c  data, d e l i c a t e  
controls,  and s a f e t y  
devices. 

Novel recording capac i ty  
and recording s t u d i e s  f o r  
science, warfare, technol- 
ogy, sociology, trade.  
Novel entertainment 
devices. 

RISE IN NECHANIZATION OF PHYSICAL ACTIVITIES 

f i e l d  of 
Advancement 

Production: 
Di rec t  manual work. 
Alloca t ion  of 
opera t ions  . 
Maintenance of ma- 
terials. 
Assembly . 
Tests and cont ro l .  
Packing f o r  ship- 
ment. 

D i s t r i b u t i o n  : 
Expedition and 
reception. 
Storage . 

Some QTical Keans 

IIechanical tools, c o w  
puter-controlled too ls .  
Vibration chargers 
Truck ho i s t s ,  cranes, 
conveyors 
Assembly machinery. 
E lec t ronic ,  pneumatic, 
e l e c t r i c ,  an3 o t h e r  
con t ro l  devices. 
Aut omat i c packing 
machines. 

Truck hois t s ,  cranes, 
convey0 rs , automatic 
gra in  elevators,  auto- 
matic maintenance and 

/lo8 

Some Results 

Greater propor t ion  of 
machines and l a r g e r  m e  
chanical in7restment. 
Evolution i n  personnel 
q u a l i f i c a t i o n  (usuaQ7) .  
Reduction i n  l a b o r  p e r  
u n i t  prorluce3. 
Increase i n  maintenance 
(usu.all;ir) 
Increase i n  capacity.  
Reduction i n  f l e x i b i l i t y  
of opera t ion  (usua l ly) .  

Eore rap id  response of 
t h e  production system t o  
demand. 
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APPENDZ V I  (cont  fd) 

Fie ld  of I Advancement 

h a d i n g  of trans- 
po r t ing  means. 

Communi ca t ions  and 
cont ro l :  

F i l i n g  of docu- 
ments, plans,  and 
correspondence . 
Recording and 
assembly of data .  

Construction and 
ho i s t ing  indus t r i e s :  
Ekcavation work. 
Fining.  
Wloi ta t ion ,  
fo re s t ing ,  agr i -  
c u l t u r e  . 

Some Typical Iieans 

~~ 

c o n t m l  systems f o r  base 
materials o f  conveyors 
and recuperators. 
Volume pneumatic loaciing 

Transport systems by 
pnei.xmatic tube, reproduc- 
t i o n  devices, cable t e l e -  
vis ion,  v e r t i c a l  s e l e c t i v e  
conveyors , t ransce iver  
rad io  s ta t ions ,  d i c t a t i n g  
and t ranscr ib ing  equip- 
ment, t e l e t m e s  and tele- 
t r ansc r ibe r s .  

Cro ss-count CJ comeyors,  
1 0 G t o n  steam shovels, 
extension of special-  
purpose vehicles such as 
t r a c t o r  shovels, heavy 
trucks,  t r a c t o r  t ranspor t s ,  
bulldozers,  e tc  

AF'PEKDIX V I 1  

Some Results 

RISE IIi I~~CHA.KIZATIO1~1 OF IIGTELLECTUAL PROCESSES 

Fie ld  of 
Advancement 

Direc t ion  of long 
and complicated 
mechanical ac t ions .  

Data processing. 

Sone '%ical Means 

Command by feedback of 
t r e a t e d  data. 
Command by punch cards 
f o r  channeling of heavy 
mater ia ls .  
D ig i t a l  computers. 
Pznch t ape  typewriters,  
e t c  . 
Computers and commercial 
machines f o r  write-in, 
so r t ing  , manipulating , 
i n t e rp re t ing  , s to r ing  , 

/iOp 

Some i lesul ts  

Increase i n  accuracy, 
reduct ion i n  organizat ion 
delays, decrease i n  
t r a i n i n g  of  operators ,  
need f o r  programers. 

Reduction of o f f i c e  work. 
Increased r a p i d i t y  i n  
preparing documents of 
a l l  types. 
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Field of 
Advancement 

Problem-Solving. 

Sone Typical Keans 

and read-out of se lec ted  
data .  
1.1 e c hani  c a l  reF roduc t i o n  
of selected data, 
formulas, checks, e t c .  

Solution by coinputer of 
coxplex s c i  eri t i  f i c 
calculat ions,  inves t i -  
gations,  and c o m e r c i a l  
manipulations. 
Sinulat ion Q.7 computer 
of mili'sav 2nd b i s ines s  
problem . 
Analysis by conputer of 
operations research 
p M blems 
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Increase i n  accuracy. 
a p i d i t y  of preparing 
resum& of commercia 
s i t ua t ions .  

Solution of problems 
impossible t o  solve by 
o ther  m e a x .  
Zq l o  ra t i o n of complex 
p roblens. 
Assistance I n  decis ions 
on questions of po l icy  
and c o m e r c i a l  strateg:r, 
o r  of prime militarj 
importance. 



R"s%?Sc€I, DEVELOF?ZP?T, ANI.) GROWTH /110 
G.W.Wilson 

I n  a recent  a r t i c l e ,  Eobert A. Solo r a i s e d  a few important problems on t h e  

c o r r e l a t i o n  between Research and Development and economic expansion. However, 

his arguments contain a few se r ious  wealxesses which cannot be passed over i n  

s i l e n c e  because of t h e  importance of the subJect matter.  

a f e w  of t h e  f a l l a c i o u s  statements made by Solo. 

I wish t o  co r rec t  here 

The main e r r o r  i n  his a r t i c l e  resides i n  the  more o r  l e s s  high-handed 

treatment of c e r t a i n  s t a t i s t l c a l  e s t i i i t e s  thEit c o n s t i t u t e  t h e  '?raison ciT&eg' 

of Solo's analys is .  I a m  th inking  particularly of t h e  a t t a c k s  he makes on ac- 

cepted i d e a s  (accordir,g t o  which ari i n t e n s i f i c a t i o n  of Aesearch arxi Development 

con t r ibu te s  t o  t h e  increase  i n  r a t e  of econonic expansion), a t t a c k s  t h a t  l ead  

Solo t o  conclude t h a t  "there exists absolutely no proof of a de f in ike  correla- 

t i o n  between t h e  rate of n a t i o n a l  econoric e q a n s i o n  and n a t i o n a l  expenditure 

f o r  Research and Development". This i s  i n  f lagra i i t  con t r ad ic t ion  t o  t h e  con- 

c lus ions  drawn by E.F.Denison who attri 'outes 20z of t h e  inc rease  in production 

recorded between 1929 and 1957 t o  "the pi-ogress i n  science and i t s  appl ica t ions1?  

(Bib1.23), wi th  Chapter 21 or" P i s  book d i r e c t l y  concerning t h i s  debate. 

argument by Solo i s  based e s s e n t i a l l y  on a ca l cu la t ion  of t h e  aqnual r a t e  of 

evolu t ion  of t h e  real gross domestic prozuc-t of privake e c o n o v  and on t h e  index 

The Ill1 

of t h e  c o r r e l a t i o n  es tab l i shed  between expei-diture f o r  Xesearch a n j  3evelopmer,', 

and t h e  n a t i o n a l  incone. 

ments which cannot be compared shov1:i be s ing led  out.  

L? t h e  docment 1.4, p,-oduced by Solo, numerous ele- 

PrLmarily, t h e  pro:iuctivisy f i g x e  i s  given i n  r e a l  value (taking amortiza- 

t i o n  in-to consideration) a n i  concerns t h e  p r i v a t e  s e c t o r  of t h e  economy, whereas 

1c2 



t h e  R e( D index  covers iiesearch and iJevelopment bj pub l i c  as w e l l  as by p r i v a t e  

means with respec t  t o  t h e  n a t i o n a l  revenue, v i s i b l y  ex9ressed i n  nominal d o l l a r  

vahe. One need no t  be an  expert  i n  s t a t i s t i c s  t o  detect t h e  inaptness  of t h e  

comparison between t h e  two s e r i e s  of f i g x r e s ,  taken from d i f f e r e n t  epochs. I n  

f a c t ,  t h e  first series allows f o r  t h e  evolution of p r i c e s  ani amor t iza t ion  bu t  

concerns only p r i v a t e  domestic e c o n o q  whereas n e i t h e r  t h e  numerator nor  t h e  

denominator of t h e  o the r  s e r i e s  have been corrected,  w i t h  t h e  denominator refer- 

r i n g  t o  t h e  t o t a l i t y  of n a t i o n a l  econony less amortization. 

I n  addition, it i s  qui te  obscure why one should expect t h a t  t h e  rate of 

evolution of produc t iv i ty  (i.e., t h e  r ea l  g ross  domestic p ro iuc t  of t h e  p r i v a t e  

s e c t o r  divided by man-hours) should increase with Xesearch and Development, 

s ince  - a t  equal rate of evolution - greater growth i n  absolu te  value would be 

obtained s t a r t i n g  from increas inply  higher f igu res .  Obviously, I f  t h i s  i s  

measured i n  prodaction by man-hours, productivity has almost doubled s ince  1929. 

According t o  t h e  d a t a  by John id. Kendrick, used by Solo, which take  t h e  f i g u r e s  

of  1529 as t h e  index  i O G ,  p roduct iv i ty  reached an liidex of 193 I n  1957 (EibL.&). 

Thus, t he re  i s  a d e f i n i t e  d i r e c t  r e l a t ion  betweer, p roduc t iv i ty  and Research arid 

Development, such as measured by Solo. 

/ l l 2  

Naking use of annual modifications i n  t h e  p roduc t iv i ty  percentage i s  pa7- 

titularly misleading, s ince  such mo l i f i c a t i o n s  are in t ima te ly  connected with t h e  

d i r e c t i o n  in which production evolves, which va r i e s  considerably from yea r  t o  

year.  The t r u e  f a c t  i s  t h a t ,  i n  general, t h e  evolution of production i s  superi- 

o r  t o  t h a t  of t h e  pa id  man-hours ( o r  enployees), which makes 5erporary fluctua- 

t i o n s  i n  p roduc t iv i ty  an a l n o s t  automatic phenomenon. 

per iods  of time, p roduc t iv i ty  i s  subject t o  so many d iverse  inf luences  (namely, 

anything t h a t  has m y  influence on paid man-hours and on production) t h a t  i t  i s  

Corisiderec! over b r i e f  



p a r t i c u l a r l y  f a l l a c i o u s  t o  compare t h e  mociifications of this r a t i o  t o  j u s t  any 

f ac to r .  

whose e f f ec t ,  as i s  e e n e r a l l : r , a , ~ ~ . t t e ~ ,  nakes i t s e l f  f e l t  on a long-term sca le .  

Thus, it i s  no t  su rp r i s ing  t h a t  Solo was unable t o  discover any c o r r e l a t i o n  

between t h e  two i nves t iga t ed  s e r i e s ,  even supposing t h a t  t h e s e  were a t  a l l  c o w  

parable  which i s  by no meaxs t h e  case. 

This i s  even more t r u e  of t h e  expenditures f o r  Research and Development 

However, if h i s  R 8: D index i s  referred t o  t h e  p roduc t iv i ty  in s t ead  of t o  

t h e  modifications of product iv i ty ,  it w i l l  be found t h a t  - s ince  1929 - Research 

'and Development has increased by about seveii times whereas p roduc t iv i ty  i t s e l f  

doubled. 

this gross  expansion index? Obviously, no. Xevertheless, t h e  d i f f e r e n t i a l  

rates of economic ewansion, s t r i c t l y  speaking, could j u s t  possibl;; mean t h a t  

Research and Development, i s  subjec t  t o  nonproportional y i e l d s ,  which wouli not 

contradict 'SoloTs t h e s i s .  

na tu re  of R & D may actu.ally i n h i b i t  expansion. 

t i o n s  are equally poss ib le .  

depends l a r g e l y  on t h e  production volme, t h e  c r i s i s  of 1930 and t h e  laggar.3 

r e s q t i o n  of r e a l  ~:-oJ-~i.ction after l95C wmLLcl explain t h e  genera l  slowiown of 

t h e  growth rhythn of productivity.  

and Development may be a t t r i b u t e i  t o  the recrudescence of o t k e r  an tagon i s t i c  

fo rces  wkich 3. 8.: D conpensates i n  p a r t :  s l i pp ing  of t h e  production composi5on 

from a high-productivity sec to r  t o  a lowproduc t iv i ty  s e c t o r  (from durable con- 

sumer goods t o  se rv i ces )  ; disproportlonate yield p o s s i b i l i t i e s  wi th  regard t o  

n a t u r a l  resources;  umierestinates due t o  t h e  i q o s s i b i l i t y  of  accura te ly  measur- 

i n g  t h e  mociification i n  qua l i t y  by a l l  pro3uction ind ices ;  and a l l e g e l  dec l ine  

i n  inven t ive  spiri",.  

C a n  one deduce from this t h a t  2. eC 9 has EO no t i ceab le  e f f e c t  on / I l l  

I n  f a c t ,  so far as he i s  concerned, t h e  va r i ab le  

However, s eve ra l  o t h e r  explica- 

For example, i n  view of t h e  f a c t  t h a t  p roduc t iv i ty  

I n  addition, the ')meager resiilt" of Research 

Personally, I give l i t t l e  c r e d i t  t o  t h e s e  explanations 



b u t  they c e r t a i n l y  a r e  j u s t  as p laus ib l e  as Solots statements who deduces from 

poorly se lec ted  sources t h a t  R D has no d e f i n i t e  co r re l a t ion  with expansion. 

P e t e r  F. Drucker recent ly  deplored t h e  'boor pol icy  followed a t  present  by 

numerous American f i rms  i n  the  domain of i n d u s t r i a l  research" (331.25).  

l a r l y ,  James Brian Wnn and J a e s  A. I h e l l e r  er;,phasized inpor tan t  problems 

r e fe r r ing  t o  t h e  conversion of Research and Development i n t o  t a r g i b l e  r e s u l t s ;  

this might poss ib ly  fu rn i sh  a l o g i c a l  e q l a n a t i o n  f o r  t h e  apparent dec l ine  i n  /1LtL 
t h e  r o l e  of R 8: D i n  product iv i ty  (Bib1.26). 

Simi- 

I n  addi t ion,  t h e  iiata Gse3 by 3010 exhib i t  se r ious  weaknesses. Evsey D. 

Domar (Bib1.27) v io l en t ly  c r i t i c i z e d  the est imates  by %endrick which, as men- 

t ioned above, y i e l d  no sakisfactoqy explanation for t h e  evolut ion 0:' cf.zlity. 

The estimates with respect  t o  F, & D are even nore fragmentary. It i s  w e l l  pos- 

s i b l e  t h a t  t h e  f i r s t  2 & D f i g u r e s  had been gross ly  underestinated ori t h e  whole 

and, t o  t h e  ex ten t  t o  which g rea t e r  i n t e r e s t  focused oc Hesearch and Development 

and t o  which txs f i e12  becane more specializeti i n  "the Indus t ry  of d iscoveyP,  

a c t i v i t i e s  tnat were previously lebi ted t o  current  e q e n s e  were then transferred 

t o  the  account of 3esearch and Development. 

Recently, Yale Brozen has Yirblished a cor rec t ion  f a c t o r  of l+O?; f o r  1921, 

of 335 f o r  1921 t o  1933, and of 16:; f o r  1938 with respec t  t o  the  data piven b;~ 

V.Bush before  l911.O. 

permit rfa more r e a l i s t i c  comparison with da t a  of l a t e r  than 19/10" (Bib1.28); s ee  

a l s o  Denison, loc .  ci:. p.239. 

He a l s o  introduced a supplementary cor rec t ion  of 20; t o  

I n  addi t ion,  i t  i s  q ~ t e  d i f f i c i i l t  t o  ?ef ine what R D actuallzr ?oes 

'*discover". 

gory'? 

produc t iv i ty  t o  profess iona l  c r e a t i v i t j  and t o  t h e  development of i n i t i a t i v e  

Should t h e  c r e a t i v i t y  within a given firm b e  placed i n t o  t h i s  cate- 

Adam Smith alreaciy a t t r i b u t e d  an inpor tan t  po r t ion  of t h e  growth of /115 



r e s u l t i n g  from t h e  d iv is ion  of work. 

f a c t o r s  cont r ibu te  much l e s s  t o  discoveries and innovations.  

t y  within a given en te rp r i se  always involves a profess iona l  cpa l i f i ca t ion ,  and 

i ts  advantages are far from neg l ig ib l e  (3ib1.29). 

this c r e a t i v i t y  can be j u s t l y  a l loca t ed  t o  Research and Development. 

concerned a t  a l l  wi th  t h e  exper,diture involve3 i n  the  growth of p r o h c t i d t y ,  

it would be b a s i c a l l y  wrong not t o  t ake  this i n t o  consideration. 

another  p o i n t  not t o  be  neglected i s  tha t  of t h e  funds invested i n  on - the job  

t r a in ing .  

There i s  no doubt t ha t ,  today, t hese  two 

However, c r ea t iv i -  

One could ask t o  what ex ten t  

If we are 

Naturally,  

An evaluat ion of t h e  por t ion  of expenditures debi ted t o  in-service t r a in -  

ing,  which should r e a Q  be a l loca ted  t o  t h e  account of Research and Develop- 

ment, c o n s t i t u t e s  an extremely d e l i c a t e  problem; however, i t  i s  obvious t h a t  not  

only research con t r ac t s  l e t  t o  un ive r s i t i e s  a r e  involved here. Similar ly ,  Solo 

was  ent j - re ly  wrong t o  exclude expenditures a t t r i b u t a b l e  t o  publ ic  health,  under 

t h e  p r e t e x t  t h a t  they a r e  unrelated t o  e q m s i o n  (3ib1.30). 

This d i s t i n c t i o n  between expenditures considered as d i r e c t l y  favorable  t o  

p roduc t iv i ty  ani t hose  t h a t  a r e  not  d i r ec t ly  obvious, i s  i n  i t s e l f  a r b i t r a r y  

and. depends on a l a r g e  nmber  of variables.  

of  expenditures f a m r a b l e  t o  t h e  groirth of product iv i ty  i s  even more arbi'trary. 

The t r u t h  i s  t h a t  t h e  data concerning Research and Developnent a r e  not  r igorovs 

a t  a l l  art3 are empiricallzy Incoherent.  

s tud ies ,  t h e r e  i s  no cioubt t h a t  more r e l i a b l e  s e r i e s  car. be developed; however, 

A c l a s s i f i c a t i o n  i n t o  various foms 

I n  tiirie and after more systematic /I% 

f o r  t h e  moment one s h o d d  guard against  b s l l i n g  general  conclusions on such a 

f r a g i l e  base. *'If we wish 

t o  study c r e a t i v e  a c t i v i t y ,  t h e  wrong idea cari be e a s i l y  c rea ted  by using in- 

complete es t imates  o r  es t imates  so encompassing t h a t  t he  expenditure, r e f e r r i n g  

Accordifig t o  t h e  statements made bj Simon Kuznets: 
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t o  c r e a t i v e  a c t i v i t y ,  w i l l  be reduced t o  an extremely small and probably va r i ab le  

p a r t  of t h e  t o t a l T f  (eibl.31). 

t i on ,  o r  absence of cor re la t ion ,  of R 8: D wi th  expansion p resen t s  s e r ious  prob- 

lems of a t h e o r e t i c a l  order, i n  addition t o  t h e  u n c e r t a i n t i e s  r e s u l t i n g  from 

t h e  d a t a  used. Primarily, he def ines  a po r t ion  of t h e  t o t a l  of 3esearch and 

Development, which a l ready  i s  a r b i t r a r i l y  defined, as being "oriented toward 

expansionif by s t a t i n g  t h a t  t h i s  por t ion  Tepresents t h e  method of planning arid 

organiza t ion  adop t e i  by technic ians  i n  s o l l i n g  problems of p r i v a t e  industry,  

such as improvement of techniques a n i  pro3ucts. Thm, he maintains t h a t ,  by 

d e f i n i t i o n ,  medical, militaqr, space, ax similar research, which does n o t  form 

p a r t  of &search by p r i v a t e  Iiiciustry, i s  not  o r i en ted  toward expansion. On t h e  

basis of t hese  de f in i t i ons ,  he contests t he  c o r r e l a t i o n  e f i s t i r l g  between non- 

p r i v a t e  R 2.. D (comprising a l s o  t h e  sec tor  of p r i v a t e  R & D which has t o  -10 ~ 5 t h  

m i l i t a ry  and aeronautic i nves t iga t ions )  and t h e  ffaccnied production obtained /11$ 

a t  t h e  p r i c e  of  t h e  same hums e f f o r t ,  of goo?k and s c r d c e s  wkich f o r n  t h e  ves;j 

sub s t anc e of e conomi c e q  an sionsl. 

However, t h e  s t u Q  nade by Solo on t h e  correla- 

It i s  obt ious  khat this const?$Lit.ites an cxt,-emel:r narrow conceytior, of 

economic e p m s i o n .  

i t s  t o t a l i t y  with Research a rd  Developmsnt, a f t e r  which he concerns t b s e l f  onl:j 

wi th  t h a t  po r t ion  of t h e  gross na t iona l  prociuct which, i n  a c e r t a i n  seme ,  con- 

cerns the p r i v a t e  s e c t o r  or, expressed i n  o t h e r  words, he passes  a c p a l i l i e :  

judgnent on the  conposit ion of t h e  gross na t iona l  p r o l x t  an,! only t r e a t s  vhat 

he vaguel j  c a l l s  "the s; bstmceiP o f  e q m s i o n .  However, on t h e  s o c i a l  l e v e l  axi 

on t h a t  of t h e  serv ices ,  this d is t inc t ior ,  appears quite s u b t i l e .  I n  f a c t ,  i t  i s  

by a tautology t h a t  he a t t e c p t s  t o  I'proveFf t h a t  a l a r g e  po r t ion  of Xesearch and 

Development has nothine t o  do wi th  expansion. 

F i r s t  of a l l ,  Solo compares t h e  gross  n a t i o n a l  product i n  

He de f ines  e q a ? s i o n  with respec t  
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t o  p r i v a t e  i n d u s t r y  but, a t  t h e  same time, de f ines  Research and Development 

o r i en ted  toward expansion depending on whether this R & D i s  o r  i s  not  intended 

f o r  p r i v a t e  indus t ry .  Based or, such def in i t ions ,  i t  i s  na tu ra l ly  not d i f f i c u l t  

t o  1)provelt t h a t  Zesearch and Development, intended f o r  a s t ronau t i c s  and armament, 

cont r ibu tes  nothing t o  expansion, again based e n t i r e l y  on t h e  same f a l l a c i o u s  

de f in i t i ons .  

of t h e  g ross  n a t i o n a l  product as such, including t h e  production of t h e  military 

sec tor ,  e q a n s i o n  i tself  implies less investment p e r  unit of gross  n a t i o n a l  

product, independent of i t s  composition, unless one would choose t o  venture 

i n t o  t h e  maze of t h e  s o c i a l  composition of t h e  gross  n a t i o n a l  product. 

this case, this would by no means ind ica t e  t h a t  nonprivate production would be 

t h e  only f r a c t i o n  of general  production t o  be excluded, as would have t o  be ad- 

mi t ted  even by a reader  opposed t o  t h e  views aired by Galbraith i n  h i s  book 

"Era of  Opulencett. Thus, t he  d i s t i n c t i o n  made by Solo between Ftesearch and 1118 

Development o r i en ted  toward expansion and Research and Development not o r i en ted  

toward expansion i s  even less convincing an i  f u l l  of qualified opinions. 

Nevertheless, it i s  ce r t a in  t h a t ,  i f  we consider t h e  composition 

Even i n  

Despite this c r i t i c i sm,  I do recognize t h a t  t h e  paper by Solo has consider- 

F i r s t ,  i t  i s  of some use t o  re-enphasize t h e  importance of studying ab le  value. 

a given u n i t  from t h e  viewpoint of i t s  composition r a t h e r  than from i t s  t o t a l i t y .  

There i s  no doubt t h a t  government-sponsored R & D has removed t h e  o v e r a l l  compo- 

s i t i o n  of Research and Development from a predominantly commercial o r i en ta t ion .  

I n  addi t ion ,  t h e  advantages t h a t  nonprivate Ftesearch and Development i s  able t o  

o f f e r  t o  p r i v a t e  indus t ry  are not spontaneously o r  automatically exploited by 

t h e  var ious  en te rp r i se s ,  f o r  which reason a d e l i b e r a t e  e f f o r t  must be made t o  

e s t a b l i s h  new exchange media f o r  organizing " re la t ions  wi th in  t h e  s o c i a l  com- 

munityl'. I n  agreement with Solo, I a l so  be l ieve  t h a t  t h e  u n i v e r s i t i e s  are 
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capable of becoming e f f i c i e n t  intermediaries i f  they t ack le  t h e  problem head-on. 

The exchange between governmental R & D and p r i v a t e  e n t e r p r i s e  could take  p l ace  

over t h e  intermediary of u n i v e r s i t i e s ,  as we are a c t u a l l y  doing a t  t h e  Aerospace 

Research Application Center of t h e  University of Indiana. One of t h e  b e s t  means 

for preserv ing  t h e  dynamics of p r i v a t e  American e n t e r p r i s e  i s  t o  eventually 

a l low i t  t o  b e n e f i t  from t h e  results of government-sponsored R & D over t h e  

intermediary of u n i v e r s i t i e s ,  under a form s t i l l  t o  be defined. 

Solo terminates his a r t i c l e  with an ana lys i s  t h a t  revea ls  t h e  c r u c i a l  prob- 

lems and which, i n  my opinion, ind ica tes  t h e  road t o  fo l low f o r  f i n a l l y  a r r i v i n g  

a t  a b e t t e r  comprehension. 

However, Solo was unable t o  d is t inguish  c l e a r l y  between t h e  bas i c  corre- /119 

l a t i o n  e x i s t i n g  between Research and Development afid expansion no r  t o  demonstrate 

t h e  n a t u r e  of t h e  problem. 

a t e d  a n a l y s i s  has permitted t o  der ive  r e l a t i v e l y  va luable  conclusions and s u p  

gestions.  

This i s  not t h e  f i r s t  time t h a t  a poorly substanti-  



APEPLY TO G o W o W I I S O N  

R. Solo 

/120 

I n  t h e  July-August issue of the  Harvard Business Review, Prof. George 

Wilson, according t o  his own de f in i t i on ,  a t tempts  t o  %orrect  some f a l l a c i o u s  

statements" t h a t  he took from my a r t i c l e  published i n  an earlier i ssue .  

I have s tudied  Wilson's le t ter ,  but have found it impossible t o  f i n d  t h e  

exact s ta tements  t o  which he objec ts .  

arguments so as t o  permit me t o  answer object ively,  bu t  I must say t h a t  I a m  

I have made an e f f o r t  t o  understand his 

e n t i r e l y  unable t o  recognize t r u e  arguments here. The bes t  I can do i s  t o  

present  and comment on what appears t o  me t o  have been the  cause of h i s  objec- 

t ion .  

Prof. Wilson concentrates h i s  a t tack on t h e  comparison ( see  Fig.lA of t h e  

art icle) ' '  e s tab l i shed  between t h e  annual evolut ion of product iv i ty  (production 

by man-hour) and t h e  por t ion  of the  nat ional  income a l loca ted  each year  t o  Re- 

search and Development, as w e l l  as on the statement according t o  which Itabsolute- 

l y  no proof exists f o r  a d e f i n i t e  cor re la t ion  between the  na t iona l  r a t e  of 

economic expansion and the  expenditures a l loca t ed  t o  Research and Development". 

Wilson e s t ab l i shes  no d e f i n i t e  r e l a t ion  between t h e  n a t i o n a l  expenditure 

f o r  Research and Development and t h e  annual r a t e  of expansion, no more than he 

suggests t he  exis tence of a d e f i n i t e  cor re la t ion  between these  f igu res ,  as 

they are given. 

(121 

Yowever, his f i r s t  object ion i s  t h a t  this conclusion "is i n  

f l ag ran t  contradict ion t o  the  conclusions drawn by E.F.Denison who a t t r i b u t e s  

20% of t h e  increase  i n  production recorded between 1929 and 1957 t o  the  pr6gress  

'* See Research Report No.1 GIW (Cahier d t h u d e s ,  No.1; Groupe d t i t u d e s  Y?echerche 
e t  D6veloppement". 
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of science and i t s  applications1'. 

The conclusions drawn by Denison, correct o r  not,  are completely i r r e l e v a n t  

When I speak of Research and Development, I do mean d e f i n i t e  work, evalu- here. 

a t e d  and communicated by t h e  National Science Foundation, r a t h e r  than primary, 

secondary, o r  superior  education, dissemination of information, recent  progress,  

e tc .  which Denison a l l  lumps i n t o  t h e  r e su l t  obtained by h i m .  

What Wilson understands by Research and Development i s  i n  no r e l a t i o n  t o  

t h e  meaning I have given t o  this term and which, inc identa l ly ,  i s  t h e  cur ren t  

and o f f i c i a l  de f in i t i on .  

a c t i v i t y  t h a t l e a d s t o  a growth of productivity.  

f oUowi ng stat  emen t : 

For h i m ,  it i s  obvious t h a t  R eC D covers any form of 

T h i s  induces h i m  t o  make t h e  

"In addition, i t  i s  d i f f i c u l t  t o  e s t a b l i s h  what Research and Development 

t r u l y  cons t i t u t e s .  

s e l f ?  

Should one include c r e a t i v i t y  i n  t h e  en te rp r i se  it- 

Adam Smith already a t t r i bu ted  an important po r t ion  of the  growth 

of product iv i ty  t o  professional  c r e a t i v i t y  and t o  development of i n i t i a -  

t i v e  r e su l t i ng  from t h e  division of work. There i s  no doubt t h a t ,  today, 

t hese  two f a c t o r s  cont r ibu te  much less t o  d iscover ies  and innovations. 

However, c r e a t i v i t y  within a given en te rp r i se  always involves  a profes- 

s i o n a l  qua l i f i ca t ion  an3 i t s  advantages are far from negl ig ib le .  One 

could ask t o  what extent  this c r e a t i v i t y  can be j u s t l y  a l loca ted  t o  

Research and Development. I f  we are concerned a t  a l l  with the  expendi- 

t u r e  involved i n  t h e  growth of product ivi ty ,  it would be bas i ca l ly  wrong 

not t o  t ake  this i n t o  consideration. Katurally,  another po in t  not  t o  be  

neglected i s  t h a t  of t h e  funds invested i n  on-the-job t ra ining."  

It i s  d i f f i c u l t  t o  see  why a l l  expenditures, a l l oca t ed  t o  growth of pro- f122 

d u c t i x i t y  including "funds invested i n  on-the- job t r a i n i n g  and publ ic  health", 
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should o r  must be grouped with t h e  R &. D account. This i s  by no means t h e  sense 

given by me t o  t h i s  term, and whoever i s  of an opposite opinion i s  unable t o  

i n t e r p r e t  what I have w r i t t e n .  

standing. 

Wilson understand my reasoning. 

goal I had i n  wr i t i ng  t h e  a r t i c l e .  

d u c t i v i t y  evolu t ion  index and the  index o f  R & D expenditure contain "numerous 

elements which are not comparablet1. It i s  c e r t a i n  t h a t  a comparison has value 

only with respec t  t o  t h e  intended goal. 

t h a t  t h e  g o a l  of my comparison was t o  verify a genera l ly  accepted concept, name- 

l y ,  t h a t  a d i r e c t  r e l a t ion ,  obvious w i t h  respec t  t o  cause and e f f e c t ,  exists 

between t h e  a c t u a l  r a t e  of expansion of t h e  n a t i o n a l  economy (over  t h e  i n t e r -  

mediary of  t h e  rate of growth of productivity) and t h e  po r t ion  of t h e  n a t i o n a l  

revenue a c t u a l l y  inves ted  i n  Research and Development. 

question whether this should always be so. If an attempt i s  made t o  v e r i f y  the  

hypothesis according t o  which an obvious r e l a t i o n  e x i s t s  between t h e  po;.tion of 

n a t i o n a l  income a c t u a l l y  inves ted  i n  Research and Development and t h e  t r u e  rate 

There i s  another deep reason f o r  this misunder- 

T h i s  i s  t h e  f a c t  t h a t  I obviously have n o t  been a b l e  t o  make Prof. 

I n  any case, he seems t o  fo rge t  completely t h e  

For example, Wilson s p e c i f i e s  t h a t  t h e  pro- 

I thought t o  have s u f f i c i e n t l y  defined 

I n  f a c t ,  I ra i sed  t h e  

of p roduc t iv i ty  growth (such as i t  i s  t r a d i t i o n a l l y  defined and published),  then 

it is  l o g i c a l  and obvious t h a t  t h e  por t ion  of t h e  n a t i o n a l  revenue a c t u a l l y  in- 

vested i n  Research and Development and t h e  t r u e  rate of p roduc t iv i ty  growth are 

comparable and, i n  f a c t ,  t h a t  such a comparison i s  mandatory. 

A t  two occasions, Prof. Wilson suggested i n  h i s  l e t t e r  t o  c o r r e l a t e  t h e  

po r t ion  of n a t i o n a l  income, a c t u a l l y  invested i n  Research and Development, with 

t h e  p roduc t iv i ty  i n  absolu te  value ra ther  than with t h e  r a t e  of evolu t ion  of  

product iv i ty ;  this would imply t h a t  he and I have a widely d i f f e r i n g  conception 

of t h e  manner i n  which Research and Development inf luences  t h e  product iv i ty .  /123 
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According t o  me, t h e  important e f f e c t  of R e t  D c o n s i s t s  i n  t h e  c r e a t i o n  of new 

techniques, new products, and new procedures which would mean t h a t  t h e  l o g i c a l  

co r re l a t ion  resides i n  t h e  evolution of product iv i ty  as a func t ion  of t h e  evolu- 

t i o n  of t echn ica l  production bases. 

Research and Development w i l l  automatically a c c e l e r a t e  t h e  rhythm of growth of 

product iv i ty .  

result of Research and Development but ra ther  of inventions,  d i scover ies ,  and 

cumula t ive t echn ica l  progress over t h e  ages (going as far back as t h e  invent ion  

of t h e  wheel and t h e  discovery of f i r e ) .  

Research and Development should stop completely, t h e  absolu te  value of productivi- 

t y  would n o t  diminish by much. 

Thus, an extension o r  an improvement i n  

I n  turn ,  t h e  a c t u a l  productivity i n  absolu te  value i s  not  t h e  

It i s  r e a d i l y  conceded t h a t ,  even i f  

Nevertheless, Prof.  Wilson apparently wishes t o  prove t h a t  t h e  absence of 

an obvious and well-defined co r re l a t ion  between t h e  annual investment r a t e ,  

a t t r i b u t a b l e  t o  Research and Development, and t h e  annual r a t e  of expansion does 

n o t  necessa r i ly  prove t h a t  no r e l a t i o n  of cause and e f f e c t  exists between Re- 

search  and Development and economic expansion. For example, Wilson writes: 

"In addition, t h e  'meager result' of Research and Development can be 

a t t r i b u t e d  t o  t h e  recrudescence of  o the r  an tagon i s t i c  fo rces  which 

R & ll compensates i n  p a r t :  sl ipping of t h e  production composition from 

a high-productivity s e c t o r  t o  a low-productivity s e c t o r  (from durable 

consumer goods t o  se rv i ces )  ; disproportionate y i e l d  p o s s i b i l i t i e s  with 

regard t o  n a t u r a l  resources;  underestimates due t o  t h e  imposs ib i l i t y  of 

accura te ly  measuring t h e  modification i n  qua l i t y  by a l l  production in- 

d ices ;  

Again, mY 

wrote: 

and a l leged  dec l ine  i n  invent ive  s p i r i t . "  

reasoning seems t o  have completely escaped Prof. Wilson. I && 



What i s  t h e  consequence of this conclusion? 

t h a t  c e r t a i n  firms would not benef i t  from Research and Development o r  

t h a t  t h e s e  might not have been a t  t h e  o r i g i n  of t h e  c rea t ion  of l a r g e  

indus t ry .  

R & D sponsored by Federal Government d id  not cont r ibu te  t o  economic 

expansion. 

obs t ac l e s  have hindered expansion and canceled t h e  increas ing  advantages 

of Research and Development." 

T h i s  by no means s i g n i f i e s  

Wte t h e  opposite i s  t rue .  It a l s o  does no t  mean t h a t  

However, i t  might well mean t h a t  o t h e r  indeterminate 

Never did I deduce from this that IIResearch and Development has no correla- 

t i o n  wi th  expansion". 

c o r r e l a t i o n  as an axiom. Actually, I did  wr i te :  

I simply bel ieve  t h a t  t h e r e  i s  no need t o  formulate this 

T h e  t r u e  f a c t s  prove t h a t  t h e  influence of n a t i o n a l  e f f o r t s  i n  Iiesearch 

and Development on t h e  economic expansion w i l l  have t o  be ve r i f i ed .  

i s  not  s u f f i c i e n t  t o  assume a p r i o r i  t h a t  a c o r r e l a t i o n  e x i s t s  between 

R & D and t h e  growth i n  i n d u s t r i a l  p roduct iv i ty .  

t o  i n v e s t i g a t e  Research and Development i n  more d e t a i l  t o  def ine  t h e  

ex ten t  t o  which this cons t i t u t e s  a real f a c t o r  (poss ib ly  t o  be improved 

f u r t h e r )  of t echn ica l  progress and economic expansion. 

It 

It would be necessary 

Professor  Wilson reproaches m e  of d i f f e r e n t i a t i n g  between Research and De- 

velopment o r i en ted  toward economic expansion of p r i v a t e  indus t ry  and Research 

and Development o r i en ted  toward mi l i t a ry  i n t e r e s t s ,  space conquest, and pub l i c  

health.  He sees  i n  this a "qualified judgmentr', but I cannot perce ive  why t h e  

statement t h a t  a c e r t a i n  R & D sec to r  belongs t o  t h e  domain of expansion should 

be more of a "qualified judgment1' than t h e  statement t h a t  another sec tor ,  spon- 

sored by t h e  National I n s t i t u t e  of  Health, belongs t o  %he donain of pub l i c  

health" o r  t h a t  a t h i r d ,  sponsored by NASA, belongs t o  t h e  " in t e re s t s  of space"! 



Wilson also wrote: 

"It i s  by a tautology t h a t  he attempts t o  'prove? t h a t  a l a r g e  p o r t i o n  

of Research and Development has nothing t o  do with expansion. 

expansion with respec t  t o  p r i v a t e  indus t ry  but, at  t h e  same time, de- /123 

f i n e s  Research and Development oriented toward expansion depending on 

whether this R & D i s  o r  is no t  intended f o r  p r i v a t e  indus t ry .  Based 

on such de f in i t i ons ,  i t  i s  na tu ra l ly  not d i f f i c u l t  t o  ?prove' t h a t  Re- 

search  and Development, intended f o r  a s t ronau t i c s  o r  armament, contri-  

bu te s  nothing t o  expansion, again based on t h e  same f a l l a c i o u s  def in i -  

t i o n s  .'I 

He de f ines  

I a m  afraid Professor Wilson has completely misunderstood t h e  a r t i c u l a t i o n  

and t h e  f i n a l  goal of my reasoning. 

g r a t i o n  of  Military Research and Development wi th  Economic Fkpansionl'. 

l y ,  t h e  paper  concerned t h e  phenomenon of ltosmosisl*, i.e., t h e  communication t o  

p r i v a t e  i n d u s t r y  of r e s u l t s  from mi l i t a ry  aerospace R i9 D, suscep t ib l e  t o  in- 

creased i n d u s t r i a l  production. Far from excluding a poss ib l e  cont r ibu t ion  t o  

economic expansion made by Research and Development i n  aerospace and armament, 

my d e f i n i t i o n s  p a r t l y  explained t h e  manner i n  which t h i s  cont r ibu t ion  could 

proceed and a c t u a l l y  does proceed. 

velopment i n  t h e  aerospace and m i l i t a r y  s e c t o r  has a p o s i t i v e  as well as a nega- 

t i v e  inf luer ,ce  on economic expansion. 

development, of e l ec t ron ic  computers, which prove t h a t  economic expansion has 

bene f i t ed  from military R &. D. 

was t o  explore t h e  means permi t t ing  aerospace and m i l i t a r y  3 & 13 t o  impart 

g r e a t e r  b e n e f i t s  t o  t h e  p roduc t iv i ty  of p r i v a t e  industry.  

The a r t i c l e  i n  question was e n t i t l e d  "Inte- 

Basical- 

I emphatically state t h a t  Research and De- 

I can g ive  weighty examples, such as t h e  

The p r i n c i p a l  ob jec t ive  of my a r t i c l e  a c t u a l l y  

Professor  Wilson accuses various s t a t i s t i c s  on Research and Development, - 



such as those  published by t h e  National Science Foundation, of being "very l i t t l e  

rigorous and empirically incoherent". 

t h e  first d a t a  developed by Vaunever Bush with respec t  t o  Research and Develop- 

ment must be  corrected, i n  v i e w  of recent s t u d i e s  (which had a c t u a l l y  beer. 

done r e l a t i v e  t o  my own da ta) .  

relative t o  t h e  t h e o r e t i c a l  s t u d i e s  by Kendrick on p roduc t iv i ty  which, according 

t o  him, do not  make s u f f i c i e n t  allowance f o r  t h e  evolution of quality; i n  my 

opinion, t hese  c r i t i c i s m s  reduce t o  condemning any use of f i g u r e s  of t h e  g ross  

n a t i o n a l  product o r  of t h e  n a t i o n a l  revenue as ind ices  f o r  economic a c t i v i t y  o r  

r e l a t i v e  prosper i ty .  

c o r r e l a t i o n  of production p e r  u n i t  work,, i.e., a product iv i ty  index which would 

encompass not only t h e  real value of conunercializable products p e r  u n i t  work but 

a l so  t h e  power of bombs, t h e  f o r c e  of th rus t ,  and t h e  accuracy of guidance of 

spacecraf t  as w e l l  as t h e  pure  s c i e n t i f i c  knowledge, evaluated i n  production 

p e r  uiit m r k .  This i s  more than ambitious; however, f o r  my p a r t ,  I do not con- 

s i d e r  myself worthy of a t t r a c t i n g  these Jupi te rean  l i gh tn ing  b o l t s .  If Prof. 

Wilson d e s i r e s  t o  pursue t h e  debate on such subjec ts ,  I would suggest t h a t  he 

t r i e s  his l ance  on o t h e r  dragons. 

Just  as Yale Brozen, he maintains t h a t  

1126 

'dil50n picks up t h e  c r i t i c i s m  by Evsey Domar 

He claims a system of  n a t i o n a l  compat ib i l i ty  and thus  a 



ANALYSIS OF THE ltROLE AND EFFECT OF TECHN0U)GY ON 
THE NATIONAL EXOXObE" OF TKE UNITED STATES 
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J C . Arinal 

The United S t a t e s  and, more par t icu lar ly ,  t h e  Federal  Government, make 

increas ingly  g rea t e r  e f f o r t s  and investmer.ts i n  the  f i e l d  of Research and De- 

velopment. National defense and t h e  cor?quest of space a r e  t h e  main benef ic ia r ies .  

However, various important imbalances r e s u l t  from this, which should be 

demonstrated and resolved if possible:  

- imbalance between t h e  a c t i v i t y  sec tors  def ined above and t h e  essent ia l -  

ly economic sec tor ;  

- imbalance between t h e  various geographic regions; 

- imbalance between en terpr i ses  t h a t  benef i t  from Government R &C D and 

those  t h a t  do not  benef i t ;  

- imbalance between l a r g e  enterpr ises  and s m a l l  ones, l a r g e  u n i v e r s i t i e s  

and small ones. 

Below, we present  an ana lys i s  of the  hearings on these  problems':'. These 

debates were organized under the  auspices of t h e  American Senate i n  May and /128 
June 1963, presided over  by Senator Humphrey f o r  t h e  : 

ttSubcomnittee of t h e  Se lec t  Committee on Small 3usiness". 

A t  t h i s  occasion, various government o f f i c i a l s ,  representa t ives  of uni- 

v e r s i t i e s  +nd of 

ously submitted, 

We will not  

t h e  business world, paraphrasing an expos; t h a t  they had previ- 

were heard. 

p ick  up t h e  enumeration of t h e  problems i n  t h e  order  i n  which 

3; The b a s i s  used 
which were l a te r  
(Bib1.32) 

f o r  this paper i s  the exact t r a n s c r i p t  of t h e  o r a l  debates, 
supplemented by wri t ten expose's submitted by t h e  p a r t i c i p a n t s  



they  appeared during t h e  hearings, bu t  ra ther  will attempt t o  g ive  an o v e r a l l  

p re sen ta t ion  and a genera l  and coordinated view. 

PART I 

To produce an impression of t h e  importance of iiesearch and Development i n  

t h e  United States, we will give  some f igures  taken from t h e  depos i t ions  made 

during t h e  hearings. 

Allocation of  resources - Federal Government - Indus t ry  

TABU 1 

FINANCIAL N3.4NS OF -liSSEARCH AlJD DEVELC)R*IENT, 1961-1962 
(National Scierxe Foundation) 

2, G?O 
10,872 

( i n  m i l l i o n  
d o l l a r s  ) 

Total Resources uc, 742 

Origin of Financing - Federal Government 

Share of t h e  Federal Government - i n  R & D financing - i n  i ndus t ry  
6,313 

I n  1961, t h e  Federal Government d i s t r ibu ted :  

667 mil l ion  d o l l a r s  t o  companies wi th  less than 5000 employees; 

5646 mil l ion  d o l l a r s  t o  companies wi th  more than 500C employees. 

There  were. i n  January 1962 There will be. i n  1970 

400, GOO 625,000 s c i e n t i s t s  

900,000 1,400,000 engineers. 

/129 

I n  January 1962, a t o t a l  of 319,800 s c i e n t i s t s  and engineers worked f u l l / 1 3 0  

time on R & D problems i n  industry,  of which: 



- -  

70,200 i n  companies with l e s s  thar: 5 0 0  employees; 

249,800 i n  companies with more than  5000 employees. 

The number of s c i e n t i s t s  and engineers p e r  1000 employees, working i n  

R & D i n  1961, varied as follows: 

from 3 i n  t h e  t e x t i l e  and garment i n d u s t r i e s  

t o  52 i n  e l e c t r i c  equipment and 

t o  101 i n  aerospace and miss i le  indus t r ies .  

TABU 2 

DISTRIBUTION OF FEDERAL AID PJiGflG COEPAIJIES I-K)LDI?JG 
R & D COIJTRACTS 

Firms Classified i n  
Accordance with t h e  
Importance of t h e i r  

R & D Programs 

4 Res. companies 

8 Res. companies 

20 Res. companies 

4G Res. companies 

100 Res. companies 

20G Res. companies 

300 Res. companies 

Percentage of Total, Realized i n  all 
I n d u s t r i a l  Firms 

Tota l  
Resources 

22 

31, 

5 4  

69 

81 

88 

9 1  

Resources due 
t o  Federal  
Government 

32 

45 

66 

84. 

92 

96 

97 

- 

Sales  Rnployment 

4. 5 .  

11 

17 19 

24 26 

40 40 

52 50 

60 57 

i n  
-LV 



TABLE 3 

SCLENTIFIC RESEARCH I N  AIiERICAN Ui~IIvERSITIZS 
(Fisca l  Year 1962)  

Department of Defense 

NASA 

Atomic Ehergy Commission 

Public Health 

National Science Foundation 

Others 

Tota l  

Funds Allotted 
t o  Basic 
Research 

96 

28 

40 

lo)&. 

90 

12  

370 

( I n  mi l l ion  dol la rs )  

Funds Allot ted 
t o  Research 
and Development 

194 

31 

57 

26 8 

90 

4.8 

688 

Tota l  of Funds 
Received p e r  
University and 
i t s  Research 
Centers under 

Contract 

402 

76 

212 

505 

99 

270 

1564 

Source: Bo3 - NSF 

PA!!T 11. PFECZNTATION OF THE PRORL3iS iiAISZ3 DURING 
THE HEARIKGS 

1. Theoret ical  Problems 

What i s  the  s i g n i f i c a t i o n  and t h e  goa l  of t h e  enomous e f f o r t  made i n  our  

era i n  t h e  domain of Research and Development? 

How can economic growth be defhed?  

Is i t - p o s s i b l e  t o  f ind  a correlat ion between economic growth and R PC D in- 

vestments? 

Can one conceive t h e  s o c i a l  modifications engendered by t h e  in t roduct ion  of 

new technologies? 

Can one, a t  present ,  f i nd  a correlat ion between underemployment and educa- 
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t i o n a l  l eve l?  

How can t h e  consequences of a theo re t i ca l  discovery, made today, f o r  t h e  

economic s t r u c t u r e  of tomorrow be defined? 

How can t h e  evolut ion of this s t ructure ,  as a funct ion of technologica l  

conversions expected i n  the  near  fu ture ,  be predicted? 

Does t h e  evolut ion of technology make us l e s s  dependent on n a t u r a l  re- 

sources? 

Is it necessary t o  p red ic t  a t  present  t h e  replacement of  bas i c  products  we 

are us ing , today?  

How can one evaluate  and measure the r e s i s t ance  of t h e  s o c i a l  body t o  t h e  

in t roduct ion  of a new technology? 

Is i t  poss ib l e  t o  e s t a b l i s h  a code permit t ing t o  judge t h e  value of an 

innovation? 

2. Teaching and Traininq 

Is teaching and in-service t r a i n i n g  adapted t o  t h e  new forms of economic 

soc ie ty?  - 
/132 How does education spread within t h e  nat ion? 

Is  t h e  t r a i n i n g  of engineers too much or ien ted  toward research and not  suf- 

f i c i e n t l y  toward p rac t i ce?  

How can the  engineer t r a i n e e  be given a sense of r e a l i t y ?  

If t h e  US s u f f e r s  from a l ack  of technicians,  intermediary between scien- 

tists and laborers ,  how can t 'ks s t a t e  of a f f a i r s  be remedied? 

HOW can it be prevented t h a t  technical  t r a i n i n g  W i l l  be rapidly obsoleted 

by t h e  in t roduct ion  of new techniques? 

Does t h e  engineer, i n  his work, make use of t h e  knowledge acquired a t  the  



univers i ty?  

Could t h e  c l a s s  of technicians,  of which t h e r e  i s  a dear th  a t  present ,  be 

r ec ru i t ed  from t h e  l e s s  p r iv i l eged  population strata, such as colored people i n  

p a r t i c u l a r ?  

Does t h e  US properly make use of the  p o t e n t i a l  represented by i t s  female 

population? Is this population not  captive of t h e  s te reo type  concept of Wornan~t? 

How can i t  be  avoided t h a t  s c i e n t i s t s  l i ve  i n  an ivo ry  tower? 

Could a generalized,,education be expected t o  produce a l a r g e  number of 
superior 

supe r io r  minds and, i n  p a r t i c u l a r ,  o f  inventive minds, and t o  what extent? 

IrJhat e f f o r t  must be made f o r  developing minds ab le  t o  d i r e c t  and organize 

t h e  economic l i f e  of t h e  nation? 

Does t h e  p re sen t  e f f o r t  i n  Research and Developxent d i s favor  bas i c  re- 

s ear c h? 

/133 3 .  Dissenination of Information 

The enormous investment i n  R & D leads  t o  a p r o l i f e r a t i o n  of t e c h i i c a l  mc! 

s c i e n t i f i c  pub l i ca t ions  and, f o r  t h e  researcher, t o  t h e  ob l iga t ion  of publish- 

ing.  To what ex ten t  does this s t a t e  of affairs i n t e r f e r e  with: 

- t h e  p u r s u i t  and outcome of research undertaken; 

- t h e  teaching of accomplished results t o  s tudents ;  

- t h e  dissemination of important r e s u l t s  obtained? 

How c+n 

innovations, 

How can 

How can 

sec tor ,  from 

i t  be avoided t h a t  closed c i r c l e s  of producers and consumers of 

with l i n k s  t o  t h e  outside world, a r e  created? 

dupl ica t ion  of 

information be 

one i n d u s t r i a l  

publications be avoided? 

disseminated from t h e  m i l i t a r y  sec to r  

s e c t o r  t o  another, from one branch of 

t o  t h e  c i v i l i a n  

an ind iv idua l  
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f i r m  t o  another? 

How can t h e  general  pub l i c  be made t o  understand t h e  s ign i f i cance  of a 

given innovation? 

4. Federal Government 

The p a r t  taken by t h e  Federal  Goverrment i n  R & D investments i nc reases  by 

Simultaneously, t h e  problems t o  be solved become more numer- l e a p s  and bounds. 

ous . 
How can t h e  p r i o r i t i e s  of governmental ob jec t ives  be c l a s s i f i e d ?  

I n  p a r t i c u l a r ,  has t h e  r e l a t i v e  significance of  defense, space conquest, 

and economic growth been proper ly  evaluated? 

Is i t  poss ib l e  t o  do a l l  this and not r i s k  weakening t h e  na t ion  by excess- 

i v e l y  increas ing  t h e  e f f o r t  made i n  the  domains of defense and space? 

Does t h e  US always have t o  be i n  the fo re f ron t  of progress i n  a l l  f i e l d s  /134 

o r  can It l eave  t o  o t h e r  na t ions  t h e  task of pioneering and b laz ing  t h e  way, and 

then la ter  p r o f i t  from t h e  experience acquired i n  t h i s  manner? 

Should Government p l an  i t s  investments i n  liesearch and Development? From 

Should this planning be ind ica ted  only i n  rough t h e  viewpoint of what policy? 

o u t l i n e s  or, conversely, should it be worked ou t  i n  minute d e t a i l ?  

What governmental mechanism can be used f o r  counteracting c e r t a i n  d e t r i -  

How mental phenomena due, i n  p a r t ,  t o  the  present  form of Ii. & D investments? 

can it be prevented t h a t  c e r t a i n  regions are dangerously depleted i n  i n t e l l e c t u -  

a l  and i n d u s t r i a l  resources? That ce r t a in  conventional i n d u s t r i e s  s u f f e r  exces- 

sively from t h e  preference given t o  new Indus t r i e s?  

elements of t h e  a g r i c u l t u r a l  s e c t o r  do not leave  t h i s  s e c t o r  f o r  o ther ,  more 

favored, f i e l d s ?  

That t h e  young and competent 



Are t h e  i n s t i t u t i o n  of such p la rn ing  and t h e  c rea t ion  of such regula tory  

mechanisms compatible with t h e  not ion  of  f r ee  en terpr i se ,  c h a r a c t e r i s t i c  f o r  

t h e  US? 

Does t h e  present  c rea t ion  of a new c lass  of s c i e n t i s t s  and engineers work- 

i n g  on government p r o j e c t s  and thus,  with respect  t o  o the r  occupations and be- 

cause of t h e  type of t h e i r  work, l o s ing  the capab i l i t y  of tak ing  r i s k s  and of  

i nd iv idua l  en terpr i se ,  c o n s t i t u t e  a th rea t  t o  t h e  soc ie ty  of free en te rp r i se?  

Does t h e  search f o r  new n a t u r a l  resources (pa r t i cu la r ly ,  t h e  search f o r  

water i n  t h e  western por t ion  of t h e  United S t a t e s )  ob l ige  t h e  government t o  

p l an  and organize t h e  development of other  economic f ac to r s ,  such as urbaniza- 

t i on ,  s e t t l i n g  of i ndus t r i e s ,  recreat ion areas, rest homes, etc.? 

How can one prevent t h e  c rea t ion  of Federal  agencies i n  a l l  domains from 

becoming a brake t o  economic growth? 

agencies and how should they be managed? 

What dimension should be given t o  such /135 

How can t h e  i n s t i t u t i o n a l ,  l eg i s l a t ive ,  f i nanc ia l ,  and p o l i t i c a l  environ- 

ment be measured and modified so as t o  permit a.1 improved f low of s c i e n t i f i c  

invent ions  t o  t h e  na t iona l  economy? 

What i s  t h e  long-term value of the method which, f o r  p ro tec t ing  t h e  American 

economy from t h e  invasion of competitive fore ign  products,  e r e c t s  p ro tec t ive  

tariffs? 

5. Small and Ledium Enterpr ises  

Small and medium businesses a r e  the  backbone of t h e  American economic 

s t ruc tu re .  

Research and Development i s  a major problem. 

o t h e r s  vanish. 

For these,  t he  i n f l u x  of investments - spec i f i ca l ly ,  Federal  - i n  

Some businesses  are crea ted  and 
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How can t h e  new dominant f a c t o r  of the s ign i f icance  of  a given firm be 

measured, namely, i t s  i n t e l l e c t u a l  capacity? 

Is t h e  c o s t  of modern research prohib i t ive  f o r  most of t h e  small and medium 

business en terpr i ses?  

Is t h e r e  a threshold beyond which a given en te rp r i se  can innovate and 

prosper? How can t h i s  threshold be defined? 

Ifhat i s  t h e  percentage of inventions generated by small business  enter- 
- 

pr i se s?  

Is t h e  personnel managing small and medim business competent t o  handle 

t h e  t a s k  imposed on i t  by contemporary society? 

6. Relat ions between Federal Government and Business 

Does a t r a n s f e r  of innovation from t h e  military anci space s e c t o r s  t o  t h e  

economic s e c t o r  e x i s t ?  

e n t e r p r i s e  p r o f i t s  from t h i s ?  

?hat i s  the  extent of such "overflow'v !fiat type of 

C a n  a small business, Wishing t o  improve i t s  s i tua t ion ,  undertake t h e  

necessary research on i t s  own i n i t i a t i v e  o r  should it appeal t o  t h e  Federal 

Government? 

/136 

If such business s o l i c i t s  a research cont rac t  f r o n  t h e  government, t o  what 

ex ten t  must i t  be ab le  t o  p red ic t  the mode of such research a i d  i t s  economic 

consequences? 

!+hat are t h e  c r i t e r i a  on which Government, and p a r t i c u l a r l y  t h e  Departrent 

of Defense, can base i t s e l f  i n  awarding research cont rac ts  t o  business? 

Does the  proposal submitted by an enterpr i se ,  s o l i c i t i n g  Federal  contracts ,  

r i s k  being economically f a t a l  t o  this business i f  i t  i s  not  awarded a contract?  

Does t h e  Federal Zovernment award a research contract  t o  a given en te rp r i se  



because this business has ava i l ab le  a? i n d u s t r i a l  and i n t e l l e c t u a l  capac i ty  of 

a s u f f i c i e n t  level o r  does t h e  business reach such adequate i n d u s t r i a l  and in- 

t e l l e c t u a l  l e v e l  because it has been given a Federal  cont rac t?  

If Government and e n t e r p r i s e  cooperate i n  ensuring t h e  development of a 
1 

c e r t a i n  technology, what p a r t  should Government t a k e  i n  t h e  commercialization 

of t h e  r e s u l t a n t  products? 

Does t h e  concentration of Federal research and l a r g e  investments i n  c e r t a i n  

p r iv i l eged  and c e n t r a l  i n d u s t r i a l  sec tors  c a r r y  t h e  r i s k  of d ive r t ing  a l a r g e  

number of s c i e n t i s t s  and e n g h e e r s  from small business, which needs such p e F  

sonnel? 

How can Government reso lve  t h e  permanent c o n f l i c t  between t h e  Department 

of J u s t i c e  which prosecntes t h e  formation of i n d u s t r i a l  t r u s t s  and t h e  Depart- 

ment of Defense o r  t h e  Treasury Department which favor  such cen t r a l i za t ion?  

Eow can t h e  s p i r i t  of en terpr i se ,  and thus  t h e  very ex is tence  of  smal l  

b u s h e s  s, be protected? 

I n  p a r t i c u l a r ,  should t h e  pa ten t  system be modified? Should a new f i s c a l i -  

t y  be created? 

/137 7. Link between University and Industly 

How can t h e  d i s t rus t  of  small business toward u n i v e r s i t i e s  be eliminated? 

How can t h e  un ive r s i ty  be in tegra ted  wi th  t h e  reg iona l  economic l i f e ?  

Does a co r re l a t ion  exist between reg iona l  R & D and t h e  Educational l e v e l  

i n  t h a t  region? 

Does t h e  small univers i ty ,  Just  as t h e  smll business en te rp r i se ,  s u f f e r  

from t h e  enomous investments by Government i n  c e r t a i n  p r iv i l eged  regions where 

t h e  l a r g e  u n i v e r s i t i e s  are located? Or, t h e  o t h e r  hand, might this hab i t  of  
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concentrating researchers  i n  a few very large research cen te r s  be more d e t r i -  

mental than bene f i c i a l  t o  research i t s e l f ?  

How can t h e  univers i ty  assist business t o  understand t h e  end toward which 

i t  is p r o f i t a b l e  f o r  business t o  cooperate? 

PART 111. WOTATIOhJS FROb: TKE I ~ I I ” E S  OF THE HEARINGS, 
IN SEQU%NCE 

(The Numerals Following t h e  Quotation Correspond t o  t h e  

i n  our Subheadings 
C las s i f i ca t ion  of t h e  Problems, Sug ested by us above 

/138 

I t . . .  It i s  extremely d i f f i c u l t  t o  e s t ab l i sh  a co r re l a t ion  between t h e  

expenditure f o r  Research and Development on t h e  one hand and no matter what 

o t h e r  phenomenon on t h e  o the r  hand ...lt (Subh.1) 
J . Rubel p . 16* 

Assis tant  Secretary of Defense 

I t . . .  The Federal. Government i s  i n  the process of changing t h e  United S t a t e s  

i n t o  a vas t  i n t e l l e c t u a l  dese r t  by concentrating R & D cont rac ts  i n  l imi ted  

geogrzp96-c zones . . .I? (Subh.4) 
Senator Humphrey p -19 

I t . . .  Numerous exaniples demonstrate t h a t  it frequent ly  needs an e n t i r e  

generation before some novel device i s  used on a l a rge  s c a l e  . . l t  (Subh.1) 
J .Rubel p.25 

f ro. .  I have asked:What have you, the  manager of this business, done t o  

f ami l i a r i ze  a l l  branches with an innovation rea l ized  i n  one of them? ... General- 

ly, I received the  same answer: Very l i t t l e ! ”  
J . Rubel p.26 

I ? . . .  I frequent ly  have had t h e  following conversation with members of t h e  

Government: 

- inU; not award a cont rac t  t o  such and such eriterprise? 

$5 Page numbers refer t o  pages of t h e  FLnutes. 



- Because they cannot manufacture what we requi re  a t  a reasonable cos t  

and they do not have the  necessary competence; t he re  i s  another busi- 

ness en te rp r i se  t h a t  possesses this competence. 

- Cfhy does this en te rp r i se  have such competence? Is it not because you 

have awarded it this p a r t i c u l a r  contract?if  (Subh.6) 
Senator Humphrey p.29 

l t . . .  1 . k ~ ~  people be l ieve  t h a t  t h e  e f f o r t s  in R & D, made i n  t h e  p r i v a t e  1139 

indus t ry  sec tor ,  are retarded by those made i n  t h e  publ ic  s e c t o r  and t h a t  this 

cannot be compensated by an eventual Toverflow? from t h e  military and space 

sec to r  . (Subh.3) 
J . Rubel P -30 

If... Numerous achievements considered t o  be a success i n  t h e  publ ic  s ec to r  

would have been ra ted  as catastrophes i f  they had been performed i n  the  p r i v a t e  

sector .  They would have l e d  t h e i r  promoters t o  m i n  before ever  having done 

some good ...lf (Subh.1) 
J . Rubel P 035 

I t . . .  The 'overflow? i s  too unce r t ah ,  too i n e f f i c i e n t ,  and too  long- 

term ...If (Subh.6) 
J .Rubel P 935 

If... This leaves the  qcestion open: How can t h i s  novel s o c i a l  invent ion 

(Federal  R & U) be u t i l i z e d  outs ide  of t h e  sec to r s  t o  which it i s  present ly  

confined . . .It (Subh.4) 
J .Rubel p 036 

ff... Uo we realb- need more economic growth? What sort of growth? I n  

what sec tors?  And how can i t  be measured? . . . l t  (Subh.1) 
J .Rubel p.37 

If... Several diagrams ... seem t o  suggest t h a t  Federal R & D i s  nore h a m  

ful than bene f i c i a l  from t h e  dewpoint of economic and i n d u s t r i a l  growth ...tf 

(Subh.1) 
* 
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It... Government support can f a c i l i t a t e  in t roduct ion  i n t o  t h e  market of tech- 

niques and products t h a t  are not  y e t  competitive ...'( (Subh.6) 
J . iiubel p *46 

t ' . . .  Various innovations i n  management have been rea l ized  by j o i n t  initia- 

/vco t i v e  of Ggvernment industry . . . I '  (Subh.6) 
J . Fiubel p.51 

't... For a given community i n  a given region, I am c e r t a i n  t h a t  an economic 

ana lys i s  should form the  bas i s  f o r  developing a plan f o r  this community 

(Subh.1) 
Dr . Hobson 

Vice President 
Southern Nethodist University, Dallas 

f t . . .  We do not s u f f i c i e n t l y  favor the I n s t i t u t e s  f o r  Applied Research O . . f '  

( Subh .4) 
D r  . Hobson p .60 

f t . . .  I n  what i s  known as underdeveloped nat ions,  i t  i s  easy t o  f i n d  a l a r g e  

number of persons with high-level diplomas but it i s  impossible t o  f ind  a fore- 

man ..." (Scbh.2) 
Senator Humphrey p.61 

't... I n  numerous regions, t h e  business commmity wants t o  have nothing t o  

do with un ive r s i ty  representat ives .  I ts  own propaganda has persuaded i t  t h a t  

these  people have no p r a c t i c a l  mind. It does not  want t o  be bothered with 

it . . . I t  (Subh.7) 
Senator Humphrey p.65 

"... Frequently, ce r t a in  i n d u s t r i a l i s t s  Will talk t o  me and say: Ye want 

nothing bub a contract  with t h e  Government ...lt (Subh.5) 
Senator Humphrey p.66 

"... I bel ieve t h a t  we have too h r g e  a mul t ip l ica t ion  of contracts ,  re- 

por t s ,  e t c .  . . ." (Subh.3) 
A. Krarri s h p *87 

Rand Corporation 



l t . . .  Planning i s  a d i r t y  word (Subh.4) 
G.Sinon p 099 

Cambridge Research I n s t i t u t e  

. . Frequently, we begin hearing t h e  following questions: 

1) Is i t  b e t t e r  f o r  a small business, t h a t  wants t o  make use of t h e  

r e s u l t s  of Federal  R & I), t o  look f o r  a Government cont rac t  o r  t o  

l e t  o the r s  do t h e  job? 

2) If a small business en te rp r i se  wishes t o  pene t r a t e  i n t o  a new techno- 

l o g i c a l  f i e l d ,  should it undertake i t s  own Research and Development 

o r  should i t  look f o r  a Government cont rac t?  

3)  Why are s c i e n t i s t s  and engineers no t  more c rea t ive ,  so t h a t  R e( D 

w i l l  become more p ro f i t ab le?  . . . 1 r  (Subh.5, 6)  
GoSimon p 100 

11 . . .  Frequently, i n  small business e n t e r p r i s e s  managed by engineers, r e  

search i s  centered on f i e l d s  t h a t  are i n  t h e  personal  i n t e r e s t  sphere of t h e  

managers rather than i n  t h e  sphere of  the a v a i l a b l e  market! . . ." (Subh.5) 
G.Simon p.100 

1 ) .  . . Kost innovations of major economic importance o r ig ina t ed  mainly from 

sources e x t e r i o r  t o  t h e  i n d u s t r i a l  branch t o  which they cont r ibu te ,  namely from 

independent inventors,  small enterprises,  fo re ign  technologies, and s p e c i f i c a l l y  

from an  invasion of this indus t ry  by firms a l ready  s o l i d l y  es tab l i shed  i n  o t h e r  

i n d u s t r i a l  branches. 

The causes of t h e  main problems are  as follows: 

- a Vicious c i r c l e  of small p r o f i t  and small expenditure in R & 3; 

- t h e  swamping of i ndus t ry  with too Iriany l i n k s  i n  t h e  chain of innova- 

t i o n  and too  many firms below t h e  s i z e  required f o r  innovation; 

- l a c k  of d r ive  f o r  en terpr i se ,  l ack  of competence, and s c a r c i t y  of 

models . . . I 1  (Subh.5) 
D r .  Schon, O f f .  Tech. Serv. US Dept. Corn. p.106 



tt... I n  my opinion, on our  re turn  from t h e  moon, we w i l l  have an economical- 

l y  depressed na t ion  incapable of sustaining i t s  military power and i t s  space 

p r e s t i g e  because of t h e  f a c t  t h a t ,  today, we a l l o c a t e  a d ispropor t iona te  p a r t  o f  

ou r  r e sea rche r s  t o  these  p r o j e c t s  . . . I t  (Subh.4) 

/ a 2  

J.D.Gurian p 107 
National In tegra ted  Systems 

?L F a c i l i t i e s  Inc. 

ft... The small business e n t e r p r i s e  i s  confronted with a new form of trade: 

a c q u i s i t i o n  of t h e  necessary i n t e l l e c t u a l  resources. How can t h e  group of small 

e n t e r p r i s e s  e n t e r  i n  competition with the French Government? . . . I t  

J.D.Gurian p . l l 2  

I t . . .  I will continue t o  p lead  f o r  t he  establishment of a c a r e f u l l y  s tud ied  

Plan of Iiesearch in s t ead  of es tab l i sh ing  two o r  three genera l  lines t o  be fol- 

lowed . . .') (Subh.4) 
ilr. Fisher p 0125 

aesources f o r  t h e  Future Inc. 

I t . . .  Have you made no recommendation f o r  improving t h e  s t r u c t u r a l  organiza- 

t i o n  of  ou r  Research ar\,d Development agencies? . . I r  (Subh.4) 
Senator Humphrey p.126 

f t . . .  I n  our  study, we came t o  the conclusion t h a t  t h e  Department of t h e  

I n t e r i o r  should improve t h e  coordination of i t s  R SC D programs ... however, t h e  

techniques and mechanisms t o  permit this d id  not exist ...If (Subh.1) 
D r .  F i sher  p.126 

I t . . .  One of t h e  g r e a t e s t  problems i n  American a g r i c u l t u r e  i s  t o  f u r n i s h  t h e  

farmer with means f o r  adapting himself t o  t h e  technologica l  evolution while s t i l l  

preserv ing  t h e  e s s e n t i a l  c h a r a c t e r i s t i c s  of t h e  family farm . . . I t  
1-1 . r w f s k y  p ,132 

Econoinic Research Service 
U.S. Dept. of Agr icu l ture  

I t . . .  The rap id  technological evolution i n  a g r i c u l t u r e  has c rea ted  s e r i o u s  

problems of adapta t ion  ... There a re  numerous farmers xno do not  have t h e  /2;.3 

f i n a n c i a l  o r  o t h e r  resources t o  draw some b e n e f i t  from t h e  technologica l  revolu- 
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t i o n  i n  a g r i c u l t u r e  . . . l l  

N. Koff sky P 0136 

l t . . .  In descr ib ing  t h e  manner i n  which men and women, i n  our  soc ie ty ,  

d i s t r i b u t e  t h e i r  e f f o r t s ,  you W i l l  have defined o u r  c u l t u r e  . . . I t  (Subh.2) 
D r .  Bolt p -154 

National Science Foundation 

I t . . .  There has been a l ack  of  respec t  f o r  women t h a t  have a profession. 

One admires t h e  beauty, t h e  grace of women, bu t  no t  t h e i r  p ro fes s iona l  compe- 

tence  . (Subh.2) 
Senator Humphrey p 0155 

t t . . .  It i s  necessary t o  f i n d  a means f o r  increas ing  the  education of t hose  

sec t ions  of: t h e  na t ion  t h a t  are below average . . . t t  (3ubh.2) 
D r .  B o l t  p a 6 2  

I * . . .  We need an adaptable and i n t e l l e c t u a l l y  f l e x i b l e  soc ie ty .  It i s  im- 

poss ib l e  t o  p r e d i c t  accura te ly  what PIASA o r  any o t h e r  program may r equ i r e  ir, 

1975 . . .rt (Subh.2) 
D r .  Bolt  p .16l+. 

9 9 . . .  We are attempting t o  link R e( D, i n  a c e r t a i n  geographic zone, with 

t h e  d i f f e r e n t  economic va r i ab le s  . . I r  (Su’oh.4) 
D r .  Perlman p .166 

National Science Foundation 

l * . . .  Ifoulcl t h e  t e x t i l e  i ndus t ry  riot be b e t t e r  o f f  i f ,  i n s t ead  of claiming 

s p e c i a l  tariffs and quotas, i t  made ar. attempt a t  a research e f f o r t  . . . I t  

(Subh.6) 
Senator Humphrey p.157 

I ) . . .  It must be acknowledged t h a t  automation i s  bene f i c i a l ,  s ince  i t  in-  & 

c reases  product iv i ty ;  however, f o r  p ro f i t i ng  from this p r o j u c t i v i t y  inc rease  

and f o r  avoiding harmful e f f ec t s ,  i t  i s  necessary t o  c rea t e  ind iv idua l s  having 

t h e  competence required by a constantly growing economy . . . I t  (Subh.2) 

Ass is tan t  Secretary of Commerce 
D r .  Hollomon p.l-82 

I ) . . .  One of t h e  darigers t h a t  I can foresee  i s  t h a t  each profess ion  tends t o  
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c r e a t e  a closed organiza t ion  . .I1 (Subh.1) 
Senator Humphrey p.l.85 

l ) . . .  The entrepreneur and t h e  p r o f i t s  he can make of ten  a r e  t h e  c a t a l y s t s  

Also, t o  f o r  t h e  e n t i r e  process of in t roduct ion  of a technological change ... 
promote such in t roduct ion  t h a t  bene f i t s  economic expansion, i t  i s  necessary t o  

c r e a t e  an environment t h a t  s t imula tes  and promotes t h e  spirit of e n t e r p r i s e  . . . l l  

(Subh. 5)  
Dr. Hollomon p 0191 

ll... Government and indus t ry ,  ir, cooperation, must ensure t h e  developmen: 

of technolog). t h a t  i ndus t ry  can u t i l i z e  f o r  t h e  c rea t ion  of new goods. 

t h e r e  i s  no need f o r  Government t o  intervene i n  market decisions,  i n  p l ace  of 

t h e  ind iv idua l  en te rp r i se s .  

However, 

Karket decisions must be taker, by those  t h a t  assume 

t h e  r i s k s .  

my . . . T I  (Subh.6) 

If not, Government will destroy a l l  i n i t i a t i v e  and t h e  market  econo- 

D r .  Hollomon p.192 

I ) . . .  We are c rea t ing  an e n t i r e  generatior. of engineers and s c i e n t i s t s  who 

w i l l  know no o t h e r  bu t  work f o r  t h e  Gave-ment (Scllsh.l,) 
M.14orse p .195 

Cryonetics Corporation 

)I... A small business en te rp r i se  has no more chance i n  t h e  game than a 

snowball i n  h e l l .  When SOL of t h e  bra ins  of t h e  country are concentrated i n  /l45 

350 e n t e r p r i s e s  and when, among t h e  f i v e  m i l l i o n  p r i v a t e  e n t e r p r i s e s  i n  existence,  

more than 200,000 possess i n d u s t r i a l  i n s t a l l a t i o n s ,  t h e  odds a r e  aga ins t  us . . . l f  

(Subh. 5 )  
Senator H iqhrey  p .2ll 
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